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ABSTRACT 
Microenvironmental Effects of Erosion Control Treatments 
on Seedling Survival in a Southeastern Utah 
Salt Desert Area 
by 
Ross w. Wain, Doctor of Philosophy 
Utah state University, 1969 
Major Professor: Dr. Neil E. West 
Interdepartmental Curriculum: Ecology 
A study of the microclimate of erosion control treatments was 
carried out in two habitat types in a semiarid southeastern Utah , 
salt desert shrub area. The soils are highly eroded Mancos shale 
and support a low density of salt desert shrub species which offers 
little protection against high intensity summer convectional rainstorms . 
Gully plugs and contour furrows had been installed by the Bureaus 
of Reclamation and Land Management to prevent runoff of soil laden 
water which results from these summer rainfalls. Formerly this 
sediment was carried to the Colorado River and deposited in Lake Powell . 
The purpose to t he study was to measure some parameters that 
influenced est ablishment and survival of seedlings which would stabili~e 
the structures and increase the productivity of the area . 
Mature, indigenous species close to the structures had greater 
vigor and provided a larger, more constant seed source. This seed 
source was important since original seedlings of introduced grasses 
hav&railed to establish and stabilize the structures . 
Following favorable late winter and early spring precipitation, 
high numbers of seedlings emerged, but few survived into mid-summer. 
Those that did survive were found only at or near the high water line 
of the gully plugs and in the bottom of contour furrows. 
To aid in the explanation of the differential seedling survival, 
soil surface moisture following rainstorms, physical and chemi cal soil 
characteristics , net r adiation, soil surface temperature, and evapora-
tion were investigated. Sampling of the 15 centimeter soil surface in 
the environs of the structures showed that two days after either heavy 
or light rainfalls, essentially no available water remained on the 
sloping throw positions of the structures. The bottom of the gully 
plugs remained flooded for several days. As a result, the seedlings 
were drowned. Only at the high water line of the gully plugs and in 
the bottom of furrows was there enough water to support seedling growth 
i n summer. 
Runoff water from summer storms carried fine material into the 
structures, which covered and destroyed seedlings, plus lowered 
infiltration and permitted much of the water to be lost through 
evaporation. The runoff water also carried salts brought to the 
surface by the desert shrubs or by the upward movement of water during 
evaporation from the soil surface . Sampling of soil in the environs 
of the structures showed no substantial build up of salt, indicating 
that leaching had occurred, or still was occurring. This does not 
mean that a build up will not result in the future. Seasonal salt 
distribution showed that lowest salinity levels did not always coincide 
with springtime when seedlings generally emerged . 
Established seedlings were also exposed to a harsh environment 
of high soil surface temperatures (over 60 C) and high soil water 
evaporation rates that were detrimental to their survival, 
In summary, the study showed that the erosion control structures 
have created a microenvironment much different from the undisturbed 
soil, which only permits the establishment of species with much different 
tolerances from the indigenous species, 
( 197 pages) 
INTRODUCTION 
Of the approximately 50 million acres of public lands in the 
western United States that are termed "frail lands" by the Bureau of 
Land Management, 18 million acres are within the state of Utah (Sweet, 
1966; Turcott, 1966). A large part of these frail lands in Utah are 
within the upper Colorado River Basin. Here the vegetal cover is 
generally of low productivity and does not offer adequate protection 
to the highly erodable shale soils. This low forage productivity, 
which indirectly results from low effective rainfall and overgrazing, 
is of particular concern to the Bureau of Land Management, the adminis-
tering agency. 
The Bureau of Reclamation is interested in these frail land areas 
because the sediment yield is deposited primarily in Lake Powell, which 
reduces the longevity of this and other proposed reservoirs. 
Due to this joint interest, the two agencies promoted a plan to 
reduce the sediment yield to the Colorado River. During the mid 1950's 
the Bureau of Reclamation provided funds and the Bureau of Land Manage-
ment provided the fieldwork and supervision to construct approximately 
25,000 gully plugs and contour furrows on 5,000 to 6,000 acres in eastern 
Utah (Coltharp, 1967). 
The utah Agricultural Experiment station was requested by the 
Bureau of Reclamation to study the effects of the treatments on soil, 
water, and vegetation resources. 
The study by the author was initiated to characterize the micro-
environment of the gully plugs and furrows to help explain the observed 
establishment patterns of seeded grasses . 'lbe objectives are outlined 
below& 
1. To determine "What effect furrows have on stage of growth, length of 
growing season, and seed yield of indigenous species. 
2. To determine where successful establishment of introduced species 
occurs in the microtopography of the treatments. 
2 
). To explain the results observed on the basis of physical micro-
environmental parameters, including surface moisture, physical and 
chemical soil characteristics, net radiation, evaporation, and soil 
surface temperature, as measured around the erosion control treatments. 
REVIEW OF LITERATURE 
The primary purposes of mechani cal l and treatments in arid regions 
are to reduce runoff, thereby increasing moisture storage for plant 
use, and to decrease sediment and water movement from the treated 
sites. Many kinds of implements, "Which vary from mould board plows to 
bulldozer blades, are used t o treat mechanically range and pasture 
lands. These treatment s can be grouped i nto gully plugging, contour 
furrowing, pitting, and ripping (Bennett, 1955; Branson, Miller, and 
McQueen, 1966). 
3 
Gully plugs have been almost neglected in the literature, "While 
more studies have concerned the other three types of land treatments. 
Most studi es reported that altered forage yields resulted from the 
treatments. A few were concerned with the amount of moisture retained, 
"While almost no wori<: bas been done to quantify the salinity regime in 
areas "Where it could be a factor in seed germination and subsequent 
plant development. No att empt bas been made, to the author's knowledge, 
to determine the evaporation rates or temperature regime around these 
treatments. In general, very little work has been carried out to 
quantifY the microenvironment of these erosion control treatments in 
arid regions. 
Few experiments have been done on the value of gully plugs or gully 
checks made with earthfill dams. The few focused on water and sediment 
retention, rather than on forage production. 
Moore (1960) was one of the few wori<:ers "Who studied forage production 
around gully plugs . He described check dams, that were 30 inches deep, as 
being very successful in an area of Texas with 17.8 em (7 in) of total 
annual precipitation. When these dams were sown with grasses , they 
completely covered the basin in one or two growing seasons. Some 
4 
workers have recommended small dams to stop gully erosion, but emphasized 
the need for water spreading in conjunction with them (Jepson, 1939; 
McCorkle and Dale, 1941 ). 
Gully plugs retard gully formation qy raising the base level of the 
gully floor through the accumulation of sediment (Heede, 1960; King, 
1966). If the gully i s permitted to develop to its mature stage, it 
will eventually be sinuous and have a base level parallel to, but lower 
than, the original valley floor (Leopold and Miller, 1956). Bennett 
(1955) believed that gully plugs should be no higher than J8 em (15 in) 
and well packed to prevent washouts. Vegetation is essential to stabilize 
the structure, especially t he spillway. Peterson and Branson (1962) found 
that gully plugs failed because of poorly constructed spillways and poor 
compaction of the fill. Jepson ( 1939 ) cautioned that gullY checks must 
be continually rebuilt unless they are well stabilized qy vegetation 
before silting in has occurred. 
Heede (1960) and King (1966 ) emphasized that the critical area of 
the gully is t he lower segment of the gully mouth, since, if the base 
level is lowered in this area, the whole gully will have a new base level. 
Gully check or dam size should be i n proportion to the expected peak flow 
from the drainage area. King (1966) further emphasized that water control 
practices should be applied only to the noneroding areas, while the gully 
net area with its narrow gullies be permitted to widen naturallY until 
the grade becomes amenable to treatment. 
In contrast to the few studies on gully plugs, there is much more 
information on furrows. 
5 
The success of the furrowed treatments measured in water held or 
forage produced appears to depend on the spacing and construction of 
furrows, as well as the soil type of the area. Barnes (1948), Bennett 
(1939), Hubbard and Smoliak (1953), and Hancock (1968) agreed that the 
lack of increase in soil moisture and/or vegetation yield was often due 
to too widely spaced furrows. Barnes (1948) found that a furrow spacing 
of 2 feet was the most effective. Anderson and Swanson (1949) emphasized 
that furrows must be constructed on the contour. 
In general, soils of medium to fine texture have shown the most 
consistent beneficial responses (Branson, Miller, and McQueen, 1966). 
McCorkle and Dale (1941) suggested that furrows and ridges were usually 
not satisfactory on loose, sandy soil, on rough , broken lands, or on 
steep slopes, and that they were impractical for areas Where large 
quantities of silt or sand would accumulate. Houston (1965) noted little 
benefit on heavy soils, if compaction of the soil surface resulted from 
grazing. Valentine (1947) felt that furrows at a New Mexico site were 
ineffective because of the sandy nature of the soils. Barnes, Anderson, 
and Heerwagen (1958) and Houston (1965) gave the same reason for pitting 
failure in WYoming. Another undesirable soil factor was encountered b,y 
Hickey and Dortignac (1963) in New Mexico. A bedrock of Mancos shale 
was often penetrated b,y deep surface treatments, inducing water to "pipe" 
through the shale. These "pipes" enlarge and the soil above collapses, 
forming a sheer-walled open gully (Burr, 1969). 
Many studies attempted to determine if the erosion control treatments 
produced increased forage yield. Early work with furrows was conducted on 
native range without reseeding. Increases in forage were measured 
around contour dykes in the short-grass prairie of Alberta (Hubbard 
and Smoliak, 1953) . Yield of Bouteloua species has been increased 
2t times on ripped furrows in southern Arizona (Brown and Everson, 
1952). Pitting in the short-grass prairie of Wyoming produced at 
least one-third greater grazing capacity (Barnes, 1948; Rauzi, Lang, 
and Becker, 1962). Dickenson, Langley, and Fisher (1940) showed that 
~ dactyloides ranges in Texas had 50 percent greater grass cover 
and three times the yield, four years after furrow listing. Caird and 
McCorkle (1946) and McCorkle and Dale (1941) found that furrowing 
speeded range recovery on the southern great plains. In a review of 
treatments in 20 different types of vegetation in Colorado, Montana , 
Utah, and Wyoming, Branson, Miller , and McQueen (1966) found t hat 
Atriplex nuttallii responded more favorably than any other species. 
More recent research has stressed reseeding of the treated areas 
to further enhance the yield of native species. Branson, Miller, and 
McQueen (1962) seeded Agropyron desertorum in a furrowed Atriplex 
nuttallii dominated habitat type in Montana and measured 360 to 790 kg 
per hectare (500 to 700 lb per acre) of the seeded species . The A._ 
nuttallii produced about 220 kg per hectare (200 lb per acre) on both 
treated and untreated land. Nichols (1 964) measured 538 kg per hectare 
(481 lb per acre) of Agropyron cristatum on a furrowed and seeded 
Atriplex nuttallii dominated habitat type in Wyoming. He also found 
increases of the latter species with furrowing. These shrubs were more 
robust and covered a greater total ground area. Also, he observed that 
these shrubs had more seed stalks with a much heavier seed set. 
Most, if not all, of the researchers that measured yields on 
6 
treated areas believed that any increase in yield resulted from increased 
7 
water retention and in~iltration . Few studies have determined speci~i­
cally the amount and/or depth of water percolation. Dickenson, Langley, 
and Fisher (1940) showed that soil moisture storage in the surface 
1. 8 m (6 ~t) o~ soil was 6. 68 em (2. 63 in) under listed furrows, 
compared to 3. 02 em (1.1 9 in) under untreated grassland in Texas . Water 
penetrated 1.8 m (6ft ) in the deep , clay, loam soil. Semple (1 937 ) 
showed that r ainfall penetrated 15 to 45 em (6 to 18 in) deeper in 
furrowed ground. Branson , Miller, and McQueen (1 966 ) measured 8 percent 
greater moisture stor age in the top 7S em (30 in) of silty, clay 
textured soils in Montana . Work by Winkworth ( 1963 ) in Australia 
showed water storage below furrows to be as great as 1 m (39 in) deeper 
than on the control area. The soil in this study was described as a 
coarse, clayey sand to a depth o~ 1.5 m (5 ft). The sur~ace soil dried 
extremely rapidly. In October the top inch of soil dried to 15 atmos-
pheric tension within 30 hours after the r ain ceased. The drying t ime 
increased with soil depth; however, the depth of furrow had no effect 
on drying time at greater soil depths. 
Hancock (1 968) conducted a more detailed study o~ water storage 
around gully pl ugs and furrows in Atriplex nuttallii and Atriplex 
corrugata dominated habitat types in the immediate area o~ the present 
work near Cisco, Utah. In general, greatest soil moisture storage 
occurred 45 to 60 em (1 8 to 24 in) below the soil surface. 
In the gully plugs and furrows o~ t he A. nuttallii habitat type, 
l ateral movement was restricted to the immediate periphery of the water 
ret ention area. On an areal basis , the structures contributed an 
increase o~ 0.68 em (0.27 in) of available water storage, of which 
only 0. 20 em (0.08 in) was stored under the gully plugs . 
In the ~ corrugata habi tat type , more water was stored in the 
soils lateral to the catchment basins . the furrows contributed about 
the same amount of available water as in the other area, but the gully 
plugs added 0.33 em (0.13 in ) , making a total of 0.81 em (0.32 in). 
In inherently saline and/or sodio areas , even small increases of 
water storage affect the salt distribution, which in turn can produce 
differences in germination of seeds and the longevity of introduced or 
indigenous species. Doering, Reeve, and stockinger (1964) indicated 
that salt can move b,y bulk flow, as well as b,y diffusion in response 
to concentration gradients . 
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The reseeding of the salt desert shrub ranges of the western United 
states has not been very successful , even though there was often good 
seedling emergence and early establishment (Bleak et al., 196S; Hull, 
1963; Plummer et al., 19SS; Plummor, 1966;Vallentine, Cook and Stoddart, 
1963 ). Bleak et al . (196S) believed that, in general , these failures 
were primarily due to periodically prolonged or severe droughts and, 
secondly, due to rodent and insect damage. High salinity levels of the 
subsoil in t hese salt desert shrub areas aggravated the low rainfall 
(Hull , 1962 ). Added moisture storage around erosion control treatments 
could alter the salt regime, and thereb,y affect plant growth. 
The spottiness of stands frequently observed on saline agricultural 
soils has apparently led to the belief that plants are generally more 
sensitive during germination than at later stages (Ayers and Hayward, 
1948). this generalization is not supported by the data given by 
Bernstein and Hayward ( 19 58 ), in which the ratio of E C x 103 for SO 
percent decrement in seedling emergence to the E C x 103 for SO percent 
decrement in crop yield varied only slightly for six crop species. Of 
the crops tested , only sugar beets appeared to be more susceptible to 
salinity at germination. 
The surface inch of soil is frequently more saline than the soil 
below it, because of evaporation and capillary rise of saline water to 
the surface. In irrigated crops the seeds have a more favorable 
environment if they are placed close to the bottom of the furrow side, 
where water carries salts up past the seed and deposits them at the 
furrow crest {Heald , Moodie , and Leamer, 1950) . If seeds are planted 
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on the tops of furrow irrigated ridges or raised beds, the concentration 
of salt greatly hinders small seedling growth (Bernstein and Fireman, 
1956; McGeorge and Wharton, 1936; Wadleigh and Fireman, 1948). The 
seedling, therefore, is generally in a more saline environment than the 
established plant, whose roots can utilize less saline portions of the 
soil profile (Wadleigh and Fireman, 1948 ). Furthermore, evaporation 
tends to reduce the moisture content in the surface layers, thus 
increasing the effects of salinity {Ayers, 1952) . These factors, r ather 
than a greater inherent sensitivity to salt , account for most observed 
failures of emergence on those saline soils which apparently can support 
the growth of established plants of the same species (Bernstein and 
Hayward, 1958) . 
A "spotty" stand does not necessarily mean that the seedlings have 
died as a result of salinity. Bernstein , MacKenzie, and Krantz (1955) 
demonstrated that sugar beet seed, which failed to germinate and remained 
in moist , saline soil during an entire summer, geminated to produce 
normal seedlings the following fall , when r ains leached the salt from 
the vicinity of the seed. The mixed salts added to the soil (sodium 
chloride and calcium chloride) produced no apparent toxic effect, even 
after this long period of exposure. 
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ffieak et al. ( 1965) demonstrated that grass, forb, and shurb seeds 
planted at a site in Nevada remained in the soil for over 1! years and 
then geminated following rains and snowmelt. The bracteoles enclosing 
the seed of Atriplex species retard gemination (Vest and Cottam, 1953), 
and there is evidence that at least some Atriplex species have hard 
seeds which do not germinate readily after maturity. Atriplex seeds 
may live as long as eight years, when stored in the laboratory, but in 
t he field thi s longevity is probably much shorter (Beadle, 1952). Dewey 
(1 960; 1962) demonstrated that germination percentage of Agropyron 
species used for range reseeding decreased and germination time increased 
with increasing salinity. Agropyron cristatum var Fairway had over 
JO percent germination at 20. 6 mmhos/cm. 
Beadle (1952), Love (1969), and Workman (1967) have also shown 
decreased germination percentage with increased concentration of salts 
in salt desert shrubs. Beadle (1952), working with five species of 
Atriplex in Australia, found that germination decreased to 20 percent 
of the control in a 0.) M sodium chloride solution. Hussain (1966) 
found that most seeds of Atriplex confertifolia germinated at 0.0 percent 
salt , a few at 0.5 and 1.0 percent salt, but none at 2. 0, ) . 0, and 4.0 
percent salt. 
Laboratory and field work has pointed out that salts move even under 
low raiilfall conditions. Qayyum and Kemper ( 1962) and Marshall and Gurr 
( 1954) have demonstrated in the laboratory that salt movement can occur 
over the whole range of moisture available to plants , even when the soil 
i s as dry as the wilting percentage. Branson, Miller, and McQueen (1966) 
sampled soils below furrows in Montana ten years after treatment. They 
found a decrease of calcium, magnesium, and sodium salts in the upper 
10 em of soil, with greater concentrati ons of these salts at and below 
60 em. 
Since rainfall i n arid regions is usually seasonal, it could be 
expected that salinity would decrease in the soil surface following 
rains, Jackson, Blackburn, and Clarke (1 955) showed that maximum 
saturation deficit and minimum rainfall corresponded with the period 
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of greatest surface salt concentration in Australia, Seasonal changes 
in soil salts have been demonstrated by Teakle and furvill (19.38), as 
well, in areas where the annual rainfall was less than 50.8 em (20 in), 
This seasonality of salt distribution could determine the most favorable 
period for seedling germination and growth. 
In addition, many of the salt desert shrubs influence the movement 
of salt in the soil profile by accumulating salts in the leaves, Through 
leaf drop the surface soils under the shrubs have higher electrical 
conductivity, pH, and sodium concentrations than the bare soil (Fireman 
and Hayward, 1952; Rickard, 1965; Roberts, 1950), Sodium salts accumulate 
i n Halogeton glomeratus, and leachate from plant remains show specific 
ion effects on plant growth and soil structure (Eckert and Kinsinger, 
1960; Kinsinger and Eckert, 1961). Surface runoff dissolves and carries 
these salts. 
Little work has been done on the energy budget relations of gully 
plugs and furrows in arid, nonirrigated regions, For normal surfaces 
in desert area , energy budget equations have been developed. 
Geiger (1965) expressed the equation for heat exchange at a flat 
vegetation-free ground surface as foll01;s: 
±S±B±L±V±Q±N=O 
t.ffiere S is net radiation 
B is heat flow through soil 
L is conduction and convection to air 
V i s evaporation 
Q is advection of energy 
N is energy from precipitation, 
Of these factors, net radiation is the most important for heat 
gain b,y the soil surface and results from the following equation: 
S = I + H + G ± ~ rT4 - R 
where I is solar radiation 
H is diffuse short wave radiation 
G is long wave counter radiation from atmosphere 
c~r4 is long wave radiation from soil 
R is short wave reflected r adiation. 
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The solar radiation (T) received by a soil surface at any given time 
depends on the solar zenith angle, the azimuth angle of the sun from the 
south, and the slope and direction of the soil surface (Sellers, 1965). 
Equations have been developed to determine r adiation received at a given 
slope, direction, and time of year (Geiger, 1965; Sellers, 1965 ), and 
tables have been calculated (Fons, Bruce , and McMasters, 1960; Frank 
and Lee, 1966 ). 
Agriculturalists have used this information in crop production, 
Ridges and furrows in a north-south, or even better a northwest-
southeast direction, in northern latitudes of the USSR l<ere conducive 
to greater plant groWth, because of higher soil temperatures (Shaw and 
Buchele , 1957; Ventskevich, 1958; Vitkevich, 1960 ), Burrows (196J) 
found the highest soil temperatures between rows of corn under east-west 
ridges in Iowa. Showing decreasing order of temperature were the north-
south ridges, east-west flat surfaces , north-south flat surfaces, and 
bottom of listed furrows regardless of direction. 
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DiffUse short wave radiation (H) is dependent on cloud cover and H 
is therefore of little importance in deserts. 
Long wave sky radiation (G) received by the soil surface depends 
only on the temperature of the sky and clouds. This factor is usually 
of little importance other than for a short time before sunrise and 
after sunset, or on days of heavy cloud cover. 
Long wave radiation ( E~T4 ) emitted from the soil depends only on the 
surface temperature and long wave emissivity (E). Short wave radiation 
reflected from the soil depends only on the surface albedo. Desert 
soil albedos have been measured between 25 and 30 percent for wavelengths 
less than 4.0 microns (Sellers, 1965). List (1949) found values of 24 
and 28 percent for the Mojave desert and 25 percent for the Death Valley 
desert. Budyko (1958) gave an albedo of 30 percent for deserts, but 
noted that albedos were quite variable, often within a relatively small 
area. 
Albedo is affected not only ~ the nature of the surface, but also 
~ the moisture content. Wet surfaces have lower albedos than dry 
surfaces. Geiger (1965) reported several workers who found that the 
albedo of two different sands upon wetting decreased from 18 to 9 percent 
and from 32 to 20 percent. Oxidation of organic matter from soil 
increased reflectance. Also, reflectance increased exponentially as 
particle size decreased (Bowers and Hanks, 1965). 
The albedo of the soil surface and therefore the energy budget have 
been changed ~ adding materials such as carbon black, colored soils, 
and lime to the soil surface. Stanberry (1956) recorded soil day 
temperatures 4 C (7 F) higher and soil night temperatures 5 C (9 F) 
cooler under winter vegetable beds sloped 30 degrees to the south in 
Yuma, Arizona. The soils were covered with carbon black. This wann 
soil in the daytime promoted growth, and the greater radiation from 
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the soil at night increased frost protection. Ludwig and Harper ( 19.58) 
found earlier maize emergence in the spring in Britain in plots dusted 
with soot. Time for 50 percent emergence decreased progressively for 
black, through dark gray, brown, red-brown, yellow-brown, and white 
surfaced soils. Faster emergence under the darker surfaces was 
attributed to higher soil temperatures from greater absorption of solar 
energy. Biel (1956) as cited by Wang (1963) called attention to the 
cooling effect of white powder, due to its reflection of incoming 
radiation. Daubenmire (1943b) measured soil surface temperatures in 
Idaho with thermocouples, finding 47.0 C under soils covered with 
lampblack, 43.5 C under gray soils, and 37.3 C at the surface of forest 
soils covered with powdered chalk. The higher temperatures were impor-
tant to tree seedling mortality. 
In deserts where soil moisture is very low, the evaporation term 
of the equation for heat exchange of the soil surface becomes quite 
small, except immediately followin g rainfalls. Since rainfalls are 
infrequent, the energy from precipitation, term (N), is negligible 
over a summer. 
The remaining net radiation flows into the soil as heat when the 
soil surface temperature .is raised. After heating the soil surface 
loses sensible heat to the air by conduction and convection . Above 
a hot, dry desert soil, the radiant energy is primarily dissipated to 
the air as sensible heat (Baumgartner, 1965; Budyko, 19.58; Sellers, 
1965; Van Bavel and Fritschen, 1965). This substantial heating of 
the soil surface can cause instability of the air, resulting in high 
surface winds and dust devils (Ives, 1947). Advection in large 
irrigated areas of deserts is considered to be small compared to 
energy moving qy free convection (Fritschen and Nixon, 1967; Penman, 
Angus, and Van Bavel , 1967). 
High soil surface temperatures of natural arid regions have been 
measured with thermal sensors varying from mercury-in-glass thermo-
meters to thermocouples , and more recently to radiation thermometers. 
Early work at Tucson, Arizona, by Sinclair (1922) showed maximum 
soil surface temperatures of 71 .5 C, measured qy a mercury-in-glass 
thermometer lying on the soil surface. Later workers recognized the 
radiation effect on thermal sensors, and very small thermocouples 
were used to minimize this effect. Vaartaja (1954) in Finland found 
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50 to 60 C on soils in open areas in a forest. More recent and 
probably more accurate soil surface temperatures measured qy a radiation 
thermometer in Utah 1 s canyonlands have been as high as 60 C (Gates, 
Alderfer, and Taylor, 1968). Geiger (1965) mentioned 80 C, but this 
was an exceptional case resulting from strong radiation, a southwest 
slope of J5 degrees , a low albedo of 9 percent, and a poor conductivity 
of a dark, r aw humus without vegetation. Turner ( 1965) estimated the 
maximum soil surface temperature in central Australia from instrument 
shelter and solar radiation data to be 79 C, while 70 to 75 C might be 
more common. Geiger (1965) concluded that, as the soil surface tempera-
ture increases, so does heat loss qy convection. Thus, even in dry, 
subtropical regions, temperatures above 70 C may not be reached. He 
cautioned that the use of proper measuring instruments is extremely 
important. 
Soil surface temperatures are very transient. Cloud cover, 
additional moisture, or greater Wind can cause rapid cooling of the 
surface (Fritschen and Nixon, 1967; Vaartaja, 1949; Vaartaja, 1954). 
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Soil surface temperatures have long been of interest to foresters, 
because they cause a condition called "stem girdle" in conifers 
(Korstian and Fetherolf, 1921 ). American workers suoh as Daubenmire 
(1943a). Maguire (1955), and Smith (1951) have supported this view. 
In Finland, daily midsummer soil surface temperatures of 50 to 60 C 
were found Qy Vaartaja (1949, 1954), while night temperatures were 
near or below freezing. Both temperature extremes caused damage to 
seedlings. This author also noted that under such a harsh environment, 
seedlings often established only in cracks in the soil where the 
microclimate was more moderate. 
Lange (1965) found that plants whose tissues were exposed to 
temperatures of 45 C died. The range within which damage occurred 
was very narrow. Although the upper thermal limit of plant tissue is 
usually considered to be 45 to 55 C, shrubQy species of Israel can 
survive 59 C, even though the younger plant parts are more susceptible 
(Konis, 1949). 
Barbour (1968) and Capon and Van Asdall (1967) have found that 
germination of desert species decreased after seven days of exposures 
to temperatures above 70 C. 
For the germination of crop seeds, Mayer and Poljakoff - Mayber ( 1963) 
listed maximum temperatures of about 40 C. The optimum temperatures 
were 10 to 15 C below the maximum temperatures. These optimum tempera-
tures appear to be appropriate for Atriplex and AgropYrOn species as well 
(Beadle, 1952; Ellern and Tadmore, 1966; Hussain , 1966; Springfield, 1969). 
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In the energy exchange balance of a soil surface, the evaporation 
term depends on the amount of moisture in the soil, the amount of energy 
avai lable to evaporate the water, the vapor pressure gradient between 
the soil surface and the air, and the extent of air movement (Davenport, 
1967a, 1967b). 
The driving force of evaporation is the vapor pressure gradient, 
"Which is always steep in arid regions. When water is e:xposed in a 
desert area, often a downward flux of sensible heat from the air occurs 
to provide extra energy for evaporation in excess of that available 
from net radiation. This required energy from the air can amount to 
20 percent of the total (Sellers, 1964, 1965). Van Bavel (1966) 
showed that the rate of potential evaporation in an irrigated region 
closely followed the incident radiation received. Rates of 0.9 mm per 
hour were recorded at 1 p.m. MST in Tempe, Arizona. In this area the 
vapor pressure gradient is not as great as in nonirrigated, arid regions. 
Davenport (1967a, 1967b) emphasized that air movement is needed to 
transport water vapor, and, Without Wind, evaporation Will be lower. 
Griffiths (1967) accounted for 95 percent of the evaporation fluctuations 
in Texas by using only mean air temperature and air flow. 
In contrast to the potential evaporation, the actual evaporation may 
be much less. Ekern (1966) stated that actual evaporation may be only 
one-third of potential rate (0.75 em per July day), providing the soil 
i s a good thermal insulator, the unsaturated hydraulic conductivities 
decrease rapidly as the soil dries, and the soil has high aggregation and 
thus a low moisture holding ability. Hide (1954) and Viehmeyer and Brooks 
(1954) emphasized the great decrease in evaporation from bare soil after 
the surface dried. The presence of salts in the soil water lowers the vapor 
pressure, thus reducing evaporation as well (Bonython, 1958; Milthorpe, 1960). 
DESCRIPTION OF THE STUDY AREA 
Location 
The study areas selected were located in the Grand River Valley, 
through which the Colorado River flows, at approximately )8° 55' N and 
109° 20 1 W within 8 kin (4.5 miles) of the junction of Highways U 128 
and US 6 and 50 near the village of Cisco, utah (Figure 1 ), The three 
study areas were located where other research is being carried out ~ 
the Range Science Department of Utah State University. 
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The study area in the Atriplex nuttallii var nuttallii habitat type 
(1) was located immediately south of US 6 and 50, 2.5 kin (1.5 miles) 
west of the junction of Highways US 6 and 50 and U 128, The study 
area situated in the Atriplex corrugata habitat type (2) was 8 kin 
(4.5 miles) south of the above highway junction on the west side of 
the road, The area used for the more intensive studies (3) was located 
J km (1.9 miles) directly south of the ~ nuttallii area near the 
junction of Nash Wash and the natural gas pipeline at the pipeline 
electrical station, The phenology study was done in furrowed areas, 
The Atriplex confertifolia -~ jamesic habitat type was designated 
(4), and the area containing both the ~ nuttallii and A. corrugata 
shrubs was designated (5). 
The study area lies on the thick (600 to 1,500 m) layer of Mancos 
shale fonned during the Cretaceous Period, It lies above the thin (O to 
•38 '39 
, . 
.. 
J((,. 
"" 
'40 . " 
'" 
. "" 
I 
j <; 
,. 
19 
UNITED STATES 
ATOMIC ENERGY COMMISSION 
CISCO QUADRANGLE 
:)~ 0 ) 
J ,) .,. 
J 
,""1· 
. } 
I 
Figure 1. Location of study areas . 
60 m) layer of Dakota sandstone and beneath the Mesa Verde group of 
sandstones conunonly referred to as the Book Cliffs (Fenneman, 1931; 
Thornbury, 1965). 
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Subsequent to the Cretaceous Period, the North American epeirogeny 
occurred in the Oligocene Epoch. The Colorado Plateau was lifted and 
the Colorado River cut deeply into this layered shale and standstone 
deposit, carrying great quantities of material to the ocean . Erosion 
since this time has removed early Tertiary deposits, laying bare the 
highly erodable Mancos shale. 
studies by Cooley (1962), Hack (1942), and Leopold and Snyder (1951) 
indicated that there have been prehistoric cycles of erosion cutting 
arroyos in the Colorado Plateau. Evidence suggests a period of 
extensive erosion from 8,000 to 4,000 B. P., that is known as the 
Hypsithemal Sub-age. Two other cycles of much smaller magnitude 
occurred, one from 900 to 700 B. P., the other about 100 B. P. The 
more recent of these reportedly resulted from overgrazing by high 
populations of sheep and cattle (Bailey, 1935; Bryan , 1925; Cooley, 
1962; Judson, 1952; Leopold, Emmett, and Myrick , 1966). 
Present erosion rates have been studied in the Cisco, Utah, area, 
and the sediment catchment of erosion control structures has been 
evaluated (Thomas, 1969) . 
Topography 
Topographic features that influence the cloudiness of the area 
almost completely surround the Cisco area of the Grand River Valley. 
Thirty-two km (20 miles) northwest the East Tavaputs Plateau abruptly 
rises to a general elevation of 2,440 m (8,000 ft). Twenty-four km 
(15 miles) east and 40 km (25 miles) south is the Uncompagre Plateau, 
with the same elevation. Out of this plateau to the southeast rise 
peaks that are almost 3,050 m (10,000 ft), and to the south the La Sal 
Mountains with the highest peak at 3,877 m (12,721 ft) rise sharply 
above the plateau. To the southwest lies the Colorado River with and 
surrounding lowlands . The 3,050 m (10,000 ft) Wasatch Plateau 177 km 
(110 miles) west and the 1,830 m (6,000 ft) San Rafael Swell 112 km 
(70 miles) west infiuence air masses coming from the west. 
The general topography of the Grand River Valley near Cisco is 
gentle , rolling , and much dissected qy washes. Sagars Wash and Nash 
Wash originate in the Book Cliffs to the northwest and drain the area 
southeast to the Colorado River. The straight line distance fran the 
Book Cliffs to the Colorado River is 35 km (22 miles), and the fall is 
9.5 m per km (50 ft per mile). West and Ibrahim (1968 ) have described 
the three sets of gravel covered low mesas in the study area. The 
mesas are erosion remnants of old extensive pediments that sloped 
from the Book Cliffs. The highest pediment remnant is at an elevation 
of 1, 369 m ( 4, 492 ft), and the low fiat land near Sagars Wash lies at 
1,275 m (4,183 ft). 
Soils and Vegetation 
The soils of the Mancos shale area of the Grand River Valley are 
relatively shallow. Low total annual rainfall combined with high 
intensity summer storms, conducive to high rates of erosion, result 
in immature shallow soil profiles over the Mancos shale. Low infil-
tration rates, especially on the lower pediment remnants, prevent 
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deep soil profiles (Coltharp, 1967). Thompson (1968), working on 
similar soil types in western Colorado, also measured low infiltration 
rates. 
The vegetation on these soils is classified as the salt desert 
shrub type (Clements, 1920; Fautin, 1946; Graham , 1937). Studies by 
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West and Ibrahim (1968) in a 35.0 sq km (13.5 sq mile) area around the 
study area showed four plant communities related to soil characteristics. 
Nomenclature used follows Harrington ( 1964). 
The Atriplex confertifolia - Hilaria jamesii habitat type occurs 
on the top pediment remnants. The soil profile , derived from sandstone 
gravel , was described as coarse textured and the best developed soil 
profile of the four habitat types. The profile is nonalkaline, non-
saline in the surface 76 em (2.5 rt), but saline at greater depths. 
A lime zone 23 to 41 em (9 to 16 in) thick occurs )8 to 74 em (15 to 
29 in) below the soil surface. 
On the eroded pediment remnants the Atriplex nuttallii var nuttallii -
~ jamesii habitat type occurs. The soil has a shallow Al vesicular 
horizon over a Ccs massive gypsiferous horizon that is 18 to 43 em (7 
to 17 in) thick and occurs 5 to 10 em (2 to 4 in) below the soil surface. 
An altered bedrock of Mancos shale lies below this. The profile is 
loamy and nonalkaline throughout. It is nonsaline in the surface 38 em 
(15 in) , but saline at greater depths. 
Lower on the Mancos shale badlands the Atriplex nuttallii var 
gardneri -~ x;ylorhiza habitat type occurs. The profile is fine 
textured and nonalkaline throughout. It is nonsaline in the surface 
30 em ( 12 in), but saline at greater depths. 
The Atriplex corrugata habitat type occurs in alluvial basins 
where materials from the other three habitat types have been deposited 
over Mancos shale, The profile is heavy textured and saline-alkaline 
throughout, 
More detailed soil characteristics of Ibrahim's ( 1963) work are 
given in Table 34. 
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Percent total cover in these communities was 9.4, 6,2, 6.2, and 
11.2, respectively, Of this, annuals made up not more than 0.4 percent 
cover in any community (West and Ibrahim, 1968). Total cover in the 
specific sites for the microenvironment study was as low as 3.6 percent 
in the Atriplex nuttallii var nuttallii -~ jamesii association 
and 3.1 percent in the Atriplex oorrugata sites (West, 1965). 
The mean annual precipitation in eastern Utah as measured at six 
salt desert shrub stations near Cisco was 19.15 om (7.54 in), as 
reported by Alter (1941 ). At Cisco, the mean annual precipitation 
from available u. s. Weather Bureau records was 16.23 em (6,39 in). 
This varied from 10.18 om (4,01 in) in 1962 to 35.53 om (13.99 in) in 
1957. During the year, peak precipitation occurred during the months 
of September, October, and November, With a secondary peak in the 
Winter and early spring (Table 1 ). This latter precipitation falls 
primarily as snow and is the most valuable moisture, due to low infil-
tration rates of the soil, especially in the Atriplex nuttallii and 
Atriplex corrugata habitat types (Coltharp, 1967) . Local, intense, 
short duration, summer thunderstorms occur 'When warm, moist air from 
the Gulf of Mexico flows into Utah (Gifford, Ashcroft, and Magnuson, 
1967; Richardson, Ashcroft, am Cox, 1964). These storms contribute 
little effective moisture, due to large areas of bare rook, low 
Table 1. Monthly precipitation and temperature data for Cisco, Grand County, Utah, 1953-1966, from 
U, S. Weather Bureau, Climatological Data, Utah Section, 
Climatic 
factor Jan . Feb, Mar. Apr, May June July Aug. Sap, Oct . Nov, Dec, 
Precipi-
tation (em) 1.55 1.50 1.40 1.55 1.32 0,68 0.91 0.89 1.62 1.96 1,62 1,09 
Greatest 
precipi-
tation per 
day (em) 0,64 0.53 0.66 0.84 0.58 0,46 0.53 1.14 0.96 1.19 1.12 0.58 
Snowfall (em) 9.65 5.84 2.79 0.71 o.oo o.oo o.oo o.oo o.oo 0.46 1.27 3.45 
No . of rainy 
days (0,25 em 
or more 1.8 1.9 1.5 2.2 1.9 0,8 1.2 2. 8 2. 8 2.4 2. 3 1. 8 
Mean t:) (maximum 
c 3.3 7.2 10,6 20.6 27.2 33.3 37.2 35.0 29 .4 22.2 11 . 1 4.4 
Mean tem) c -12,8 -7.8 -5.0 0,6 6.7 (minimum 
11.1 15.6 14.4 10,0 1.7 -5.6 - 10. 6 
Mean temp c 
-5.0 -0 . 6 2.8 10,6 17.2 22.2 26.7 25.0 18.9 12.2 2.8 -2.8 
Maximum monthly 
temp for any 
year c 10.6 15.0 21.7 28.3 33.9 38.9 40,0 38.9 36.1 30,6 21.1 12.8 
Mininrum monthly 
temp for any 
year c -23.3 -15.6 -12.8 -6.7 -1. 1 4.4 10,0 8.3 1.1 -5.6 -11.7 -1 8.3 
vegetation cover, and highly impermeable shale soils. As a result, 
normally dry washes, such as Nash Wash or Cisco Wash, reach flood 
stage within a few minutes (Dane, 19J5; Leopold and Miller, 1956). 
Winter precipitation in Utah results from frontal activity that 
has developed in the Gulf of Alaska and moves across the United 
States from west to east. The western slopes of the Wasatch Mountains 
receive high amounts of snow, but the eastern slopes receive little. 
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As the air descends over the eastern slopes, the air has little 
moisture left, and as it warms adiabatically the air retains this 
moisture (Gifford, Ashcroft, and Magnuson, 1967), It will be noted 
from Table 1 that the greatest precipitation per day occurs from August 
through November, and that the snow falls mainly from November through 
March. The number of rainy days per month does not vary extremely, 
although June and July had only 0.8 and 1.2 such days, respectively, 
Mean temperatures exhibited great extremes through the year, 
varying from 26.7 C in July to -0.6 C in January. Mean monthly 
maximum and minimum temperatures indicated a greater divergence in 
summer. At this time, air temperature rises abruptly following sunrise 
and falls equally fast with sunset, Maximum monthly mean and minimum 
monthly mean temperatures for any year averaged into the mean temperatures 
provide a better idea of the temperature extremes that exist. June, July, 
and August have had the highest temperatures of near J5 C, while December 
and January have had temperatures near J c. 
No data on wind speed and direction of the Cisco area were available 
from the U. S. Heather Bureau; however, some generalizations can be made 
from other sources, The prevailing winds aloft at ),050 m (10 , 000 ft) 
were from the southwest, from May through October (U. s. Department of 
Commerce Weather Bureau, 1952) . This air is pushed higher by the 
geographic features around the study area, thus causing clouds to 
form over the La Sal ~fountains and the Tavaputs Plateau. These 
clouds then travel east or northeast, 
Treatments 
Since 19.58 the Bureau of Land Management and the Bureau of 
Reclamation have cooperatively treated over 2,4)0 hectares (6,000 
acres) in the Cisco area, 
Descriptions of the four treatment areas, including three habitat 
types , dates , species seeded, and date of fencing from domestic live-
stock are given in Table 2. These data were taken from Hanoock ( 1968) 
and the U, S, Department of the Interior (1961-1966). 
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The gully plugs in the A. nuttallii var nuttallii -~ jamesii 
habitat type were usually made with several pushes of a Caterpillar D-7 
crawler tractor, and then the throw material was compacted with the 
crawler tracks to retard water damage to this dam. Data from Hancock 
(1968) and West (1965) show that gully plug dimensions averaged 9.1 m 
(JO ft) in diameter and 0.9 m () ft) in depth , with a throw of about 
1,2 to 1.5 m (4 to 5 ft) high. The density of these structures was 
4.2 per hectare (1. 7 per acre) , with roughly 4.7 percent of the area 
being disturbed, 
In contrast to the gully plugs above , those in the ~ corrugata 
habitat type were constructed with one or two pushes of the crawler 
tractor blade. The pits averaged 6,4 m (21 ft) long by 4.6 m (15 ft) 
wide by 50.8 em (20 in) deep, and the throws were 0,6 to 1.2 m (2 to 
4 ft) above the original ground level, The density of these structures 
was 8.9 per hectare (3.6 per acre) , involving ),7 percent of the area. 
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Table 2. Four treatment areas, including species, dates seeded, and 
dates fenced of the three habitat types. 
Habitat type 
A triplex 
confertifolia -
Hilaria 
jamesii 
A triplex 
nuttallii 
var nuttallii -
Hilaria 
jamesii 
A triplex 
nuttallii 
var nuttallii -
Hilaria 
jamesii 
AtriElex 
corrugata 
Treatment 
Type Date 
Furrows 
Furrows 
and 
gully 
plugs 
Furrows 
Furrows 
and 
gully 
plugs 
Spring 
1964 
Jan. 
to 
June 
1964 
Nov. 
1965 
Seeded 
Species Date 
Agrolllron Dec. 
crista tum 1965 
O!;;!ZOESis 
hymenoides 
Jan. 
to 
June 
1964 
Dec. 
1965 
Agrolllron 1962 
crista tum 
Sporobolus 
crzetandrus 
OcyzoEsis 
hymenoides 
Fenced 
Date 
Jan, 
1966 
July 
1965 
Dec, 
1965 
Dec . 
1965 
Contour furrows were similar in all four areas mentioned in Table 2, 
They were constructed by a Holt trencher (Model A) pulled by a Caterpillar 
D-6 crawler tractor. The trencher had dual discs, one behind and slightly 
to the side of the other. The original size of the furrows was approxi-
mately )0.5 em (12 in) deep and 45.7 em (1 8 in) wide, The throw was 
177.7 em (70 in) transverse through furrow and throw, The furrows 
ranged from J,O to 9.1 m (10 to JO ft) long, and the 12 to 16 percent 
of the area disturbed. In general , the furrows were adequate, tut 
failure to follow survey lines exactly and the tendency of the 
trencher to pull downhill caused failures (Hancock, 1968 ), Natural 
piping in the A, corrugata habitat type allowed water to be lost from 
gully plugs as well as furrows, 
Plant species, both indigenous and introduced, established 
sporadically in the treatments . It appeared that most successful 
establishment occurred in the ~ nuttallii var nuttallii - Hilaria 
jamesii habitat type, 
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MATERIALS AND METHODS 
Position and Orientation Designations on 
Erosion Oontrol structures 
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The position designations used throughout the study are shown in 
Figures 2 and J. Orientations are labeled as to the aspect of the 
slope (direction water would flow into the erosion control structures). 
In the Atriplex nuttallii var nuttallii and the Atriplex corrugata 
habitat types, the general drainage pattern was toward the south. 
Thus, structures on small watersheds within the general area had east, 
south, and west aspects. 
The gully plug was chosen first, and then the nearest, properly 
oriented furrow t<as identified. Together these two structures plus a 
control comprised the replication or direction within the replication. 
Only structures which effectively held runoff water were used in all 
studies. 
The control area, where the net radiation, soil surface temperature, 
and evaporation studies were conducted, was chosen because it was 
relatively level, and thus runoff water would not bias the readings. 
There was good access to the area and the weather station was nearby. 
At the control area, gully plugs and furrows were laid out as 
shown in Figure ). The gully plugs were constructed with a crawler 
tractor, equipped with a blade, on August 16, 1967, on the four cardinal 
directions, and were placed 9 m from the midpoint. The furrows were 
then constructed with a shovel 2.5 m from the midpoint. During 
JO 
Direction of water flow 
5 
Gully plug Furrow 
Figure 2, Position designations on the gully plug ( 1-4) and furrow (6-8) 
used throughout the study. 
N 
T 
Figure J, Layout of gully plugs and furrows in the net radiation, soil 
surface temperature, and evaporation studies. 
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September after the soil had settled, all structures were altered to 
meet the required angles on the structure profile. Table :3 shows the 
angles measured in the twc habitat types studied , as well as those in 
the control area , just before measurement of net radiation, soil surface 
temperature, and evaporation was begun. 
In the twc habitat types, the angles of the structure profile were 
very variable. This was partly due to the subjective measurements on 
the very eroded slopes. The furrows were particularly eroded. The 
angles of the gully plugs constructed in the control area were similar 
to those in the A. corrugata area , because these were the most economical 
and will probably be used in the future. It is believed that the gully 
plugs have essentially the same angles now as at construction time . The 
furrow angles were used because this was the nonnal angle of repose of 
the soil after several rains and approximates the angles shortly after 
construction. The furrows in the two habitat types show heavy damage, 
from erosion , shortly after construction. 
Auxiliary Meteorological Measurements 
Through the growing seasons, a recording hygrothennograph (Kahl 
Scientific Instrument Corporation) and a minimum and maximum thermometer 
were operated in a weather shelter located at the control area. 
A weighing t ype recording rain gauge equipped with a wind guard 
and a one-week recording clock was operated as much of the time as 
possible at the control area. This gave the time and intensity of 
storms. In the other study area, 20.:3 em (8 in) diameter galvanized 
iron storage precipitation gauges were weighed after each rain during 
the growing season and approximately monthly during the winter. 
Table J , Angles (percentages) on the gully plug and furrow profiles in the Atriplex nuttallii, 
~ corrugata, and control areas . 
I I 
I I 
I I I I I I I / '\ I I / I ' I I I / I '\ I / Position / / I I , I ' I / I ' I I (; ) Habitat type 1 2 3 4 5 7 8 
~ 
&_ nuttallli 0,0 54(39-68) 61(5J-6J) 0,0 0,0 51(J0-60) J9(J0- 49) 
&. corrugata 0, 0 41 0 5-47} 52(4}-65) 0,0 o.o 4306-57) 41 (34-51) 
Control o.o 44(40-47) 54(47-57) o.o 0,0 64( 60- 70) 53(47- 58) 
Wind speed and direction taken at a height of 2 meters during the 
1968 growing season were recorded on a four-channel Rustrak recorder 
(Hodel 92 135 8, Rustrak Instrument Co., Inc.). One channel recorded 
an electrical pulse resulting from electrical contacts closing each 
mile on the Science Associates, Inc., T,ype No. 40)-A wind indicator. 
The other three channels were connected to east, south, and west 
contacts of a Wind direction indicator (Crouse-Hinds Company). In 
summarizing the wind direction data, the direction was recorded for 
Wind speeds above 5 !an per hour to prevent irregular gusts of wind 
during calm conditions from influencing the prevailing Wind pattern. 
Phenology study 
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Since seeding the study area with introduced species has not been 
very successful, the response of indigenous species for reseeding to aid 
in stabilizing the erosion control structures has become important. 
Visual observations indicated that furrows may aid plant vigor and thus 
seed yield . 
A study initiated in the spring of 1966 and continued through the 
1968 growing season scored stages of growth and seed production on 
furrowed versus control plants . Furrows were chosen at r andom within 
exclosures (to prevent grazing by domestic livestock) of plant communities 
containing Atriplex confertifolia, ~ jamesii, Atriplex nuttallii var 
nuttallii, and Atriple* corrugata. Twenty plants were chosen at random 
Within 1 m of the furrows and compared to 20 control plants that were at 
least J m from the furrows. Iron stakes were driven into the ground 
t m from the plant for identification. 
The phenological index scores as given in Tables 4 and 5 were 
recorded for these plants at approximately 2-week intervals. The 
~ corrugata study was moved to a different location in the spring 
of 1967 due to the poor access to the first area, and several stakes 
were relocated when rodents destroyed the plants. Otherwise, the same 
plants were rated throughout the study. For the 1967 and 1968 growing 
seasons, seed yields expressed as total seed weights and weight per 
100 seeds were taken just before seed shatter for the Atriplex species . 
Due to the indeterminate maturing and shattering of ~ jamesii 
seed, only the number of seed stalks was recorded. 
On September 25, 1968, shrub diameter and shrub height we r e 
measured on the Atripl ex species,and clone diameter and basal leaf 
length were measured on ~ jamesii to determine whether treatments 
had affected the size of shrub or clone . 
Analysis involved t tests to determine whether there was a 
significant difference between the mean phenology score for furrowed 
and control plants on each date. For the seed measurements of the 
Atriplex species , the number of the female plants only was used to 
determine the calculated and tabular t 1 s in order t o judge if the 
furrowed plants had a greater total weight of seed and a greater weight 
per 100 seeds. The smaller n was used to determine the tabular t when 
the groups had unequal numbers. A one-tailed t test was also used for 
the plant size measurements . Analysis procedures followed Steel and 
Terrie ( 1960). 
Table 4. Phenology index scores for Atriplex confertifolia, A. 
nuttallii , and !.. corrugata. 
Scorea Description of plant 
2 
3 
4 
5 
6 
Winter donnancy 
Regreening of leaves and apical buds swelling 
Twigs elongating 
Floral buds developing 
Flowers opening 
Fruit developing (male flowers dying) 
Fruit disseminating 
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7 
8 
9 
Showing first summer donnancy (leaves turning gray-green) 
10 
11 
12 
13 
14 
15 
16 
17 
Buds swelling 
Twigs elongating 
Floral buds developing 
Flowers opening 
Fruit developing 
Fruit disseminating 
Showing second summer donnancy 
Apical buds swelling 
Twigs elongating 
aThese whole number scores were given only when all parts of the plant 
had reached that stage. Each plant observed was given a rating to 
one decimal place. 
Table 5. Phenology index scores for Hilaria jamesii . 
Scorea Description of plant 
0 Winter donnancy 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
Growth initiation 
2 leaf stage 
J leaf stage 
4 leaf stage 
5 leaf stage 
Boot 
Head 
Hard seed 
Seed scatter 
Showing first summer donnancy (leaves pale green to 
brownish) 
Regreening of leaves 
made development 
Boot 
Head 
Haro seed 
Seed scatter 
Sho,dng second dormancy 
aThese whole number scores were given only when all parts of the plant 
had reached that stage, Each plant observed was given a rating to 
one decimal place. 
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Seeding Trials 
In the spring of 1967, a study was set up to detennine seedling 
responses to the microclimate of the erosion control structures in the 
Atriplex nuttallii and Atriplex corrugata areas , Plastic lined metal 
cans ( 17 em in height and 15 em in diameter) were filled with well 
mixed soil from the top 10 em of soil from each of these areas. 
Agropyron cristatum, Fairway strain, was planted in the cans and water 
was added to aid gemination and growth . The 130 cans for each area 
were buried in a unifonn garden, with the can top level with the soil 
surface, It had been planned to establish these seedlings, reduce the 
stand to three per can, and then bury one can in each position shown 
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in Figure 3. Equal amounts of water were to be added to all soils. 
Leaf number and length were to be recorded periodically during the 
summer, During October top and root growth per can were to be weighed . 
Seedling establishment in the cans, however, was very sporadic, 
and it was found that if water was not added for a period of 3 to 4 days, 
the seedling did not recover. Partial shading of the cans after the 
first failure did not provide satisfactory results either. Because of 
this failure, seedling studies were carried out instead on existing 
erosion control treatments in the two communities during 1967 and 1968 . 
Agropyron cristatum, Fairway strain, was used for the trials because 
of the availability of seed and the absence of germination inhibitors as 
found in the endogenous species (Vest and Cottam, 1953). Treatments 
chosen consisted of five replications of east, south, and west directions 
within each area, Seed (82 percent viable) was sown at the rate of 8,12 
kg per hectare (8 lb per acre) on a band 1 m wide through the pits, 
starting at the pit bottom and continuing over the throw, A 2 m length 
of an adjacent furrow was also sown. This seeding was carried out before 
the rains in the spring of 1967, and then again in October of 1967. The 
seed was raked into the soil with a gr ad en rake to aid chances of 
gemination. 
A single angle iron stake identified the plot corner on the furrows. 
In the gully plugs, two stakes provided plot identification. One stake 
was placed in the gully plug bottom, and one behind the pit throw. When 
seedling counts were taken, a tape stretched between these stakes 
provided the plot position. 
Grass and volunteer seedlings were counted under a 50 by 100 em 
subsampling frame equipped with cross strings to facilitate counting. 
1'\-'0 subplots were taken at the eight positions shown in Figure 2. 
In positions 1 to 5, the subplots were taken side by side, making a 
whole plot 1 by 1 m. In positions 6 to 8 , the subplots were taken end 
to end, making a whole plot 0.5 by 5 m. 
Since there were no early spring rains in 1967, counts were taken 
during the fourth week of July after the summer rains, and again during 
the fourth week of September, to detennine the survival rate. In 1968 , 
readings were taken during the second week of April, and then again 
during the first week of July, when the seedlings appeared to be dying. 
Spring counts were taken when the gr ass seedlings were 1 to 5 em tall. 
Count data were transformed by the square root transformation and then 
analyzed as a split-split-split plot design, according to Steel and 
Torrie ( 1960). 
Soil Surface Moisture 
To study the rate at which water is depleted from the micro areas 
of the gully plugs and furrows , soil moisture samples were gathered 2 and 
7 days after rains in the Atriplex nuttallii and Atriplex corrugata 
areas. Data were taken after 1. 9 em and J . 2 em rains in the !!..... 
nuttallii area, and after 0.8 em and 2.5 em rains in the !!..... corrugata 
area during August in 1967 and 1968 . 
Four replications of three aspects of gully plugs and .furrows as 
shown in Figure 2 were chosen in each area. At these eight positions 
a composite sample of three subsamples was dug with a soil auger at 
0-5, 5-10, and 10-15 em depths . The sample was placed in a metal soil 
can and dried at 105 C .for 24 hours to determine percent moisture on a 
dry weight basis . Bulk density samples we re obtained with a 100 emJ 
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soil core sampler, which was tapped into the soil with a mallet . The 
bulk density was multipled by the percent moisture by weight to calculate 
the percent moisture by volume. 
An analysis of variance was done .for each area separately because 
of differing amounts of rainfall. 
Physical and Chemical Soil Characteristics 
To describe some physical and chemical changes brought about by 
erosion control treatments in the Atriplex nuttallii and Atriplex 
corrugata habitat types after a number of years, ten replications 
consisting o.f a randomly chosen gully plug and a neighboring .furrow, 
as shown in Figure 2, were identified in each habitat type. 
Surface runoff water was collected .following storms during 1967 
and 1968. Sample bottles that held :370 ml were buried in barrel auger 
holes at the mouths of gully plugs and .furrows. Determinations of pH , 
electrical conductivity (micromhos), sodium concentration (meqfliter), 
and amount of sediment (g/100 ml) were made . 
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Soil samples were taken during both dry and wet seasons to identi fy 
any salt movement. Dry season soil samples i n the &. nuttallii area 
were t aken during the second week of November, and those on the &. 
corrugata area were taken during the first week of September of 1967. 
The wet season samples were taken during the third week of March, 1968. 
Soil samples were taken with a barrel auger in the eight positions, 
as in Figure 2, and at depths of 0-5, 10-20, J0- 40, and 50-60 em, 
measured perpendicular to the soil surface. Each irrlividual soil 
sample was composed of three subsamples well mixed together. The 
samples were placed in plastic bag~ and moisture percent on a weight 
basi s was determined in the lab by drying at 105 C for 24 hours. 
Following this, the <.'hole sample was air dried and stored until the 
analysis was begun. 
Anal ysis procedures followed the methods recon~ended by the U. s. 
Sal i ni t y Lab Staff (1954) . The following method number designations 
refer to this source. 
Physical measurements were taken only on the samples collected in 
the spring of 1968. Saturation percentage followed Method 27a. The 
1/J and 15 atmosphere percentages followed Methods JO and )1, using 
ceramic plate extractors (Soil Moisture Equipment Company) with settings 
of 0.)4 and 15. 47 kg per cm2 (4.90 and 220 lb per sq in) pressures, 
respectively. Bulk density was taken according to Method )8 with a 
100 cm3 core sampler driven into the soil with a mallet. 
The moisture holding ability of soils was measured to find the 
amount of available water for plant growth. These values are not 
absolute for field capacity and permanent wilting point for indigenous 
species . They are a more valuable measurement of water available to 
41 
introduced grasses for growth (Veihmeyer and Hendrickson , 1949). Gast6 
(1 969), Hancock (1968), and Love (1969 ) have shown that the soil moisture 
under Atriplex species can be below the 15 atmosphere percentage level 
for most of the growing season. These measurements also indicate 
whether the texture of material transported by water was different 
from that in the normal soil profile or in the throws of the erosion 
control treatments. Bulk density is indicative of soil permeability 
and the retarding force of the soil to seedling emergence. 
Chemical analyses were done for both the spring and summer periods, 
A saturated soil paste was prepared according to Method 2 and the 
saturation extract according to Method Ja, Saturated soil pH was taken 
with an Orion Research Specific Ion Meter Model 401, equipped with a 
single junction reference electrode Model 90-01 and a Corning pH 
electrode Number 476024, Electrical conductivity of the extract was 
read according to Method 4b, as modified by Bower and Wilcox ( 1965~ and 
the resistance of soil paste and percent salts in the soil according to 
Method 5. In Method 4b, a Beckman Model RC 16B2 conductivity bridge 
was used in conjunction with a G05X1 conductivity cell that had a K 
value of 0. 500. In Method 5 the same bridge was used in conjunction 
with a Model CEL-M soil cup. This equipment was manufactured by Beckman 
Instruments, Inc. Sodium concentrations were determined with a Beckman 
No, )9278 sodium ion electrode in conjunction with the Orion meter and 
reference electrode mentioned above, Precautions for pH, temperature, 
and electrode sodium preconditioning as described by Salimi (1966) were 
carefully followed, 
The same chemical measurements were also made by Ibrahim ( 196J) over 
a much greater area of the Cisco Basin, Both electrical conductivity and 
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sodium were determined, because Ibrahim (1 963) found very low concentra-
tions of sodium in the ~ corrugata habitat type. Yet, due to high 
concentrations of gypsum in the soil, it is possible that only the 
soluble sodium salts move seasonally. In addition , any sodium salt 
build-up around the erosion control treatments would have specific ion 
effects on plants and soils (Nakayama , 1966; Reeve et al ., 1954). 
Net Radiation 
The instrumentation used to obtain these data consisted of thermistor 
net radiometers (TNR) developed by Fritschen (1963) and modified by 
Campbell , Ashcroft, and Taylor (1964). The recorder was an Easterline 
Angus graphic ammeter, calibrated in langleys per minute in a calibration 
chamber described by Campbell, Ashcroft, and Taylor (1964). 
The response time of the TNR according to Campbell, Ashcroft, and 
Taylor (1964) was 30 seconds for 80 percent of langley min-1 change in 
net radiation. The author found that fo r the changes in net r adiation 
to be recorded, it took 35 seconds to reach a constant reading. It was 
decided to take one reading per minute in order to allow 15 seconds to 
change positions. After being placed in position perpendicular to the 
soil surface, the circuit was closed with a switch, and a recording of 
30 seconds was taken. 
Three replications of the 32 positions as shown in Figure 3 were 
read through the growing season of 1968. 
A height of 20-30 em above the soil was found to give reproducible 
readings . Below this height , shading of the soil by the TNR itself 
resulted in a lower reading, whereas, above this height, too large an 
area was integrated into the reading, Because the net radiometer was 
20- JO em above the soil surface, direct solar r adiation struck the 
bottom of the sensor at sunrise and sunset. When this occurred, a 
15 em diameter occulting disk was held 1 m from the sensor. 
Data we re gathered for three days during each of the weeks of 
May 1 , May 22 , June 19, July 17, August 28 , and September 25 of 1968 . 
Soi l Surface Temperatures 
4) 
Thermocouples were chosen as the temperature sensing device because 
of the number of sensors required. Copper-constantan wire Number 24-42-J 
(Leeds and Northrup) was soldered, covered with a coating of rubber 
cement, and then sealed with more cement into a clip soldered under a 
10 by 10 em copper plate as described by Harrel and Richardson ( 1960). 
These plates dampened out minor fluctuations of temperature. The plates 
were then placed in a water bath to see that all thermocouples were 
reading within 1 c. 
These plates were placed on the soil surface in the )2 positions, 
shown in Figure J , during September of 1967. Three replications were 
used. A slurry of surface soil was splashed onto the plate to completely 
cover the metal. Dry soil was sprinkled on top before drying occurred. 
This covering procedure had to be repeated after each rainfall. 
The lead wires, buried at 5 em depth, came to a central location. 
Here temperatures were read With a manually operated potentiometer 
Model 8694 (Leeds and Northrup) at 15 minutes past the hour (MST) from 
sunrise to sunset. Temperatures were recorded during the summer of 
1968 during the same week as net radiation and evaporation data were 
gathered. A Precision Radiation Thermometer Model PRT-5 (Barnes 
Engineering) was used to check these temperatures. 
Night temperatures were recorded With a sWitching device and a 
portable potentiometric D.C. voltage recorder (Cole Parmer). 
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To aid in extrapolating the net radiation and soil surface tempera-
ture data to the two communities studied, four soils from the Atriplex 
nuttallii area, five soils from the Atriplex corrugata area, plus four 
soils from the control area were chosen because of differing color and 
texture to determine differences in albedos, net radiation, and tempera-
tures. Soil colors listed in Table 6 were identified according to 
Munsell soil color charts. 
The soils were spread and levelled in a 1 sq m area as shown in 
Figure 4. No readings were taken for several weeks. Water applied to 
the soils after levelling plus two rainfalls aided in composition. 
Figure 4. Soils used to extrapolate net radiation and soil surface 
temperature data to the two habitat types. 
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Table 6. Description of soils from three areas used in the soil color 
study. 
Soil D Wet 
Position on 
structure Color Albedo Color Albedo 
Atriplex nuttallii var nuttallii 
5 2.5 y 7/2 .32 2.5 y 5/2 .24 
(light gray) (grayish brown) 
2.5 y 7/2 .33 2.5 y 6/2 .18 
(light gray) (light brownish gray) 
4 2.5 y 6/2 .24 2.5 y 4/2 .15 
(light brownish gray) (dark grayish brown) 
4 10 Y R 5/1 .23 10 Y R 3/1 .15 
(gray) (very dark gray) 
Atriplex corrugata 
5 2.5 y 6/0 .J3 2.5 y 5/2 .20 
(light gray ) (grayish brown) 
5 10 Y R 7/1 ,JO 5 y 4/1 .1 9 
(light gray ) (dark gray) 
5 y 7/2 .J3 5 y 5/2 .17 (light gray) (olive gray) 
4 2.5 y 7/0 .19 2.5 y 4/0 .1 1 
(light gray) (dark gray) 
4 2.5 y 6/0 .1 7 2.5 y J/0 .17 
(gray) (very dark gray) 
Control 
5 2.5 y 7/2 .30 2.5 y 5/2 .24 
(light gray) (grayish brown) 
2.5 y 7/2 .39 2.5 y 6/2 .24 
(light gray) (light brownish gray) 
4 7.5 Y R 5/0 .2J 10 Y R 5/1 .15 
(gray) (gray) 
4 7.5 Y R 6/0 .28 10 Y R 5/1 .18 
(gray) (gray) 
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Net radiation and temperature were measured from sunrise to sun set 
on the two replications of the soils on August 6 and September 21 , 1968. 
Temperatures were also measured on September 10, 1968. 
Evaporation 
To study water loss from different aspects and positions on erosion 
control structures, and thereby to find indirectly the stress on seedlings, 
Piche evaporimeters were set up on several positions of the erosion control 
treatments during 1967. Even by holding the evaporimeter stationary and 
using several thicknesses and grades of filter paper on the disks, no 
reproducible results could be obtained . Personal communications with 
other workers who have tried this evaporimeter showed that results in 
arid and windy environments have not been satisfactory. 
In 1968 miniature l ysimeters were buried in the soil in two repli-
cations of the 32 positions shown in Figure 3 of the control area. Metal 
cans ( 17 em in height and 15 em in diameter) were filled with the uniformly 
mixed, top 10 em of soil from the area . A metal pipe of 1 em diameter was 
placed in the center of the can before filling with soil. This pipe, 
fitted with a cork, was used to supply water. The lysimeters were buried 
perpendicular to and just below the soil surface . It was originally 
intended to measure the water level through the metal tube, but due to 
the slow uptake of water qy the clay soil, it was decided instead to weigh 
the lysimeter before and after each evaporation study period . Water was 
added to the soil until 15-20 percent moisture qy volume was reached before 
a trial was started. An additional 100 ml of water was added each day for 
5 to 7 days. Measurements were taken during the same week as the net 
radiation and soil surface temperatures were measured. Water loss was cal-
culated in mm per day and analyzed as a split-split plot according to 
Steel and Torrie (1960). 
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RESULTS 
Auxiliary Meteorological Measurements 
Precipitation, wind speed and prevailing direction, air temperature, 
and relative humidity data have been presented to aid in explanation of 
the data. 
The weighing type rain gauge data (Table 7) showed that many months 
during the groWing season had 3 or more rainy days. The total annual 
precipitation of the area was low because of the low amount received 
per storm. Storage rain gauges established in December of 1965 in four 
study areas were weighed approximately monthly during the winter and 
after most summer storms (Tables 8 and 9). Although the areas were 
separated by no more than 8 km, there were differences in total annual 
precipitation, Also, different amounts were received per summer storm, 
which indicates the nonuniformity of the convection storms. Amounts of 
total annual precipitation received in 1966 and 1968 were close to 
average. About 5 em or less than average was received in 1967, mainly 
due to the lack of spring rains. 
In addition to the southwesterly prevailing winds aloft, more local 
wind patterns were measured, 
Mean monthly wind speeds and prevailing directions measured from 
April 26 to October 4 are shown in Table 10. In general, wind speed was 
somewhat lower during the night. If April and October means (which were 
averages of only a few days) were disregarded, a general trend in wind 
direction appeared. From midnight to 6 a.m. the prevailing wind was 
Table 7. Date and amount of precipitation measured by a weighing type rain gauge at the control area. 
1262 1266 1262 1268 
Date Precipitation ~ern l Date Precipitation ~cml Date Precipitation (ern l Date Precipitation (cml 
June 13 0.46 Jan. 1 0.13 Jan. 30 0.13 Apr. 2 o. 13 
16 0.81 20 0,30 Mar. 25 0.13 6 0.25 
24 0.36 30 0,10 May 5 0.28 18 0.)8 
25 0.20 Feb. 6 0.08 26 0.25 19 0.)8 
July 12 0.10 8 0.38 28 1.02 21 0.13 
16 0.10 Apr. 11 0.97 June 12 0.25 May 12 1.27 
17 0,10 May 9 0.25 13 0.51 June 9 0.38 
18 0.18 11 0.81 14 0.46 10 0.13 
24 1.85 12 0.30 19 0.13 11 0.13 
30 0.13 June 30 1.52 28 0.18 July 4 0.51 
Aug, 17 0.20 July 1 0.20 July 7 0.38 9 0.13 
18 0.51 16 0.13 16 1.19 30 0.13 
29 0,43 21 0.38 24 0.20 31 0.63 
Sep. 5 0.15 22 0.13 Aug, 7 1.78 Aug, 1 1.02 
17 0.08 28 0.33 31 0.13 7 0.13 
18 0.15 Aug. 1 0.25 Sep. 18 0.13 9 0.25 
19 0,08 11 0.30 Oct. 5 0.13 14 0.46 
29 0.10 31 2.18 Nov . 21 0.13 Sep. 3 0.13 
Oct. 15 o. 71 Sep. 1 0.15 14 0.25 
16 2. 56 11 0.18 Oct. 4 o. 76 
18 0.33 19 0.30 
30 0.23 Oct. 3 0.38 
Nov. 15 0.51 7 0.99 
16 0.15 11 0.23 
17 0.02 Nov. 9 o. 76 
22 0.10 13 0.25 
23 1.50 Dec. 3 0.28 
25 0.25 6 1.55 
26 0,25 7 1.35 
26 0.08 
Table 8, Precipitation in the two habitat types where the phenology 
study was conducted, 
Atriplex confertifolia 
Date Precipitation (em) 
Jan. 29 
Apr. 2 
June 8 
July 6 
July 22 
Aug. 2 
Aug. 16 
Aug. 31 
Sep. 2 
Sep, 13 
Oct . 8 
Dec, 17 
Total 
May 6 
June 14 
July 30 
Aug, 8 
Nov. 10 
Total 
Mar , 17 
May 13 
June 24 
July 17 
Aug, 1 
Aug. 2 
Aug. 15 
Oct . 11 
Nov. 23 
Total 
0.56 
1.35 
2.46 
0.95 
0.51 
1.65 
0.64 
1.27 
0.51 
0,68 
1.35 
3. 71 
15. 64 
0.51 
5.08 
1.27 
2.54 
1.02 
10.42 
9.40 
3.30 
0.51 
0.25 
0.25 
1.52 
1.40 
1.52 
0.67 
18.76 
Atriplex nuttallii 
Date Precipitation (em) 
Jan. 29 
June 8 
July 6 
July 22 
Aug. 2 
Aug, 16 
Sep. 2 
Sep. 13 
Oct. 22 
Dec. 17 
May 6 
June 14 
July 30 
Aug, 8 
Nov. 10 
1.02 
3.40 
1.68 
0.64 
0. 64 
0.68 
1.98 
0,1) 
2.46 
3.J5 
0.51 
4.70 
2. 79 
1.65 
1.27 
10. 92 
Mar. 17 9 .40 
June 25 4.83 
July 17 0,1) 
Aug, 1 0,64 
Aug. 2 1.90 
Aug, 15 1.52 
Oct. 11 1.73 
Nov. 23 0. 74 
20.89 
49 
50 
Table 9, Precipitation in the two habitat types studied intensively 
during 1967 and 1968. 
AtriElex nuttallii AtriElex corru~ata 
Date Precipitation ~cml Date Precipitation (cml 
1966 
Jan. 29 0.89 Jan. 29 0,89 
Mar. 20 1.52 Mar, 20 1,40 
Apr. 17 1.02 May 21 2.0) 
May 14 0,76 June 8 1.14 
June 8 0.08 July 6 0.89 
July 6 1.)7 July 22 0.25 
July 22 0.48 Aug, 2 1.90 
Aug. 2 1.09 Aug, 16 0,)8 
Aug, 16 0.74 Aug, )1 2.08 
Aug, )1 0.97 Sep. 2 1.07 
Sep. 2 0.81 Sep. 1) 0.68 
Sep. 1) 0.76 Oct. 8 1.14 
Oct. 8 1.22 Oct, 15 0.25 
Oct. 15 0,)0 Nov. 11 1.52 
Nov. 11 0.76 Dec. 17 2.16 
Dec. 17 ).12 
Total 15.89 17.78 
1.2QZ 
May 6 o. 71 May 6 0.25 
June 14 4.62 June 14 5.)) 
July JO 2.54 July )0 2.29 
Aug. 8 ).18 Aug. 8 1.27 
Sep. 7 1.27 Sep, 6 1.78 
Nov. 10 1.40 Nov. 10 0.25 
Total 1).72 11.17 
1968 
Mar. 17 7.11 Mar. 17 8.89 
Apr. 8 0.76 Apr. 9 0.76 
May 1) J,JO May 2 2,0) 
June 19 0.76 May 1) 0.51 
July 17 0.25 June 22 0,1) 
Aug. 1 1.27 July 19 1,65 
Aug. 2 2.0) Aug. 1 0,25 
Aug. 15 1.52 Aug. 2 1.02 
Oct, 11 1.40 Aug. 15 1,90 
Nov. 2) 0.)6 Oct. 11 2.16 
Nov. 2) 0.84 
Total 18.76 20.14 
Table 10. Wind speed (km per hour) and prevailing Wind direction during the growing season of 1968. 
Hour 
Midnight Noon 
Month 12 1 2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 
April 4 4 4 5 4 4 5 5 5 4 4 J 2 4 6 4 5 6 J 4 5 5 4 4 
NE SE E E E E SE E 
May 7 6 5 4 5 4 6 7 8 9 10 11 12 1 J 13 13 12 13 11 8 9 10 8 7 
N N N NW N N N N NE NE NE SW SW W SW W W W W N N N N N 
June 8 9 10 10 10 10 11 11 11 11 12 13 13 14 14 15 16 15 13 12 10 9 9 8 
N N N N SW SW SW E E E E SW SW SW SW SW SW SW SW SW SW N N N 
July 1 0 1 0 9 9 8 8 7 6 6 7 7 7 6 6 7 8 8 9 1 0 11 12 11 9 1 0 
N N N N N N N N N N E E SE SW SW SW SW SW SW SW W W W SW 
August 8 8 8 8 7 8 9 8 7 9 8 10 10 12 12 12 13 13 14 13 11 10 10 8 
SWSWSWSWSW W SSE E E E E E SSW E E ESWSWSWSWSWSW 
September 6 5 5 6 5 5 5 6 6 6 8 9 10 11 11 12 12 12 10 10 8 7 7 6 
N N N N NE W ESWSWSWSWSWSWSWSW WNENENE 
October 4 5 5 5 5 6 6 10 14 14 10 13 18 13 11 7 10 10 7 4 3 5 6 2 
N E N E NE E SE W SW SW W W W N W W W W N SW N N N 
Mean 7 7 7 7 6 6 7 7 8 9 8 9 10 10 10 10 11 11 10 9 8 8 8 7 
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from the north. From 6 a.m. until noon, the wind changed to a more east 
direction; and then after noon, the prevailing wind became southwest, 
until sundown or sometimes as late as midnight. 
There were no evident differences in wind speed or direction among 
months, but local residents of the Cisco area said that strong cold winds 
were extremely common during March and April. 
When the net radiation, soil surface temperature, and evaporation 
studies were carried out in 1968, more meteorological data were taken. 
Table 11 shows the monthly maximum and minimum air temperatures, 
relative humidities, and pan evaporation for the growing season. The 
pan evaporation data is from the U. S. Weather Bureau Station at Green 
River, Utah. Compared to the official long term data taken at Cisco 
(Table 1), air temperature was 5 C higher in March, but cooler through 
the remainder of the growing season of 1968. April, May, and August 
had 5 C lower air t.emperature than the long term averages, Minimum 
temperatures were much more similar to the long term averages. 
Maximum and minimum relative humidity data for 1968 showed the 
extreme diurnal fluctuation characteristic of arid regions. These 
varied from below 15 percent in the afternoon to a maximum between 
JO and 60 percent in the early morning before sunrise. The pan evapo-
ration measurements show the high losses of water resulting from the 
low relative humidity and constant air movement. 
To evaluate the periods during which net radiation, soil surface 
temperature, and evaporation were measured in 1968, the meteorological 
parameters for these periods have been presented and compared to the 
long term measurements. These periods represent relatively cloud-free 
days. As a result, maximum weather shelter air temperatures (Table 12) 
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Table 11, Monthly maximum and minimum temperatures, relative humidities, 
and pan evaporation for the growing season of 1968, 
TeJ!!Eerature (Cl Relative humidit~ (~l Pan evaporation 
Month Maximum Minimum Maximum Minimum (mm per day) 
March 16 
-2 48 13 
April 15 0 60 15 4.2 
May 23 5 51 14 6.0 
June 32 12 30 11 7.5 
July 34 16 34 14 6.8 
August JO 12 52 15 5.1 
September 27 6 34 12 5.2 
October 20 50 16 0.2 
Table 12, Mean maximum and minimum temperatures, relative humidities, 
and pan evaporation for the measurement periods of net 
radiation, soil surface temperature, and evaporation, 
Tenroerature (Cl Relative humidit~ (~l Pan evaporation 
Dates Maximum Minimum Maximum Minimum (mm per day) 
April JO -
May 4 26 2 46 11 5.8 
May 17 - 21 26 5 41 12 6.1 
June 19 - 23 J8 14 20 7 9.2 
July 19 - 23 )6 19 26 14 7.1 
Aug, 28 -
Sep, 1 31 9 )8 12 6,) 
Sep. 23 - 27 27 7 24 9 4.1 
were higher than the monthly maximum temperatures shown in Table 11, 
The June 19 - 2J and August 28 - September 1 periods had warmer 
temperatures than the long term averages. Minimum air temperatures 
were similar to both 1968 monthly and the long term monthly temperatures, 
The maximum and minimum relative humidities for the periods were 
somewhat below the 1968 monthly averages ; while the pan evaporation 
measured at Green River, Utah, was greater. 
Table 1) shows the wind speed and prevailing direction for the 
peri ods. lowest wind speeds of J to 8 km per hour were recorded from 
midnight until daybreak, These winds were from the north. From daybreak 
until noon, wind speed increased from the east, Mean maximum wind 
speeds (about 19 km per hour) occurred from J to 5 p.m., when the 
prevailing direction was southwest, This southwest wind prevailed 
until midnight or changed to the north or northeast. There was always 
a decrease in wind speed from midnight to dawn. 
These prevailing winds can be explained on the basis of the physio-
graphy of the area (Richardson, 1968), During the dark hours, cold air 
moved over the study area first from the Book Cliffs on the north, and 
later from the Colorado River Basin on the northeast and east, This 
air drainage continued down the Colorado River Basin. In the afternoon, 
air drained from the Colorado River Basin below the study area over the 
study area toward the northeast, 
~'uperimposed on these more regular wind patterns were the irregular 
dust devils caused by high soil surface temperatures and the resulting 
instability of the lower layers of air, 
Table 13. Wind speed (km per hour) and prevailing wind direction measured during the periods when net 
radiation, soil surface temperature, and evaporation data were taken, 
Period 
Apr. 30 -
May 4 
May 
17 - 21 
June 
19 - 23 
July 
19 - 23 
Aug. 28 -
Sep. 1 
Sep. 
23 - 27 
Hour 
Midnight Noon 
12 1 2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 
3 3 3 3 4 4 6 6 5 9 9 7 6 7 7 11 12 13 9 9 7 6 5 4 
NNW SWWNWWW NWWWWNWNWNN N NEE 
7 
N 
6 5 3 
N NW NW 
3 3 5 6 10 12 11 11 
NNENENENE 
12 14 12 13 12 12 12 10 
sswswswswsw ssw 
9 
s 
9 
w 
6 7 
w 
5 6 3 4 4 4 5 5 8 7 7 5 9 13 14 16 19 19 19 14 10 10 8 6 
NNE N SEESE E E E E E SSWSWSWSWSWSWSWSW WSWNW 
8 7 7 7 6 7 4 4 4 5 7 7 8 8 10 11 10 10 11 13 16 14 12 12 
N NENENESE SNE E E ESESWSWSWSWSWSWSW W W WNE 
5 4 5 5 4 5 5 5 6 7 7 12 11 12 13 13 13 13 12 13 11 7 6 
NE N N SW E E E E E E E E E SE SW E SE W N N N NE 
4 
N 
3 3 3 4 3 3 3 4 5 7 9 8 8 5 5 4 7 6 6 7 4 4 4 3 
S EESEEESE SSWSWWWWWW 
Mean 5 5 4 4 4 4 5 5 6 8 8 8 9 1 0 1 0 11 1 2 12 1 2 11 1 0 8 7 6 
"' 
"' 
Phenology Study 
Results of the Atriplex confertifolia phenology study are shown in 
Table 14. 
During the 1966 growing season, no significant differences in 
stage of growth between furrowed and control shurbs were shown, 
In April, 1967, shrubs close to furrows showed a significantly 
advanced stage of growth during the twig elongation and the development 
of floral bud stages, but during May, low soil moisture due to low 
winter precipitation (Table 7) arrested growth in both groups of 
shrubs. The shrubs still retained a light green color. Following 
rains in late May and early June, the shrubs close to the furrows 
resumed flower development and opening , while the control shrubs remained 
in the twig elongation stage, During July, the furrowed shrubs produced 
and disseminated seed, while the control shrubs were significantly 
closer to dormancy. By the end of August, both groups of shrubs had 
become dormant, and the regrowth before final dormancy was nonsignificant. 
Initial spring growth in 1968 was significantly more advanced in the 
furrowed shrubs up to the twig elongation stage in April. This may have 
been due to the high effective winter precipitation (Table 8) . At the 
April 15th reading, both groups had reached the twig elongation stage, 
and this resulted in no significant difference between groups. Two 
weeks later, the furrowed group was significantly nearer the open flower 
stage. Throughout the remainder of the season, no significant difference 
was demonstrated. 
Table 15 shows that furrowed !... confertifolia shrubs had signifi-
cantly greater mean total seed weight in 1968 and mean weight per 100 
seeds in 1967. other seed weights and shrub dimensions were not significant. 
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Table 14. Mean phenology index scores and calculated t values for 
AtriElex confertifolia on control and furrowed treatments. 
Date Mean Ehenolo~ scores Calculated 
Year Month Day Furrowed shrubs Control shrubs t valuesa 
1966 April 2 2.96 2.96 o.oooo 
16 2.90 2.90 o.oooo 
30 3.79 ).65 0.7778 
May 14 5.57 5.58 0.0526 
June 7 6.01 5.97 0.6667 
22 5.86 5.78 0.6667 
July 6 6.22 6.05 1.4167 
19 6.08 6.01 0.6364 
Aug. 2 6.28 6.12 1.4545 
16 6.33 6.26 0.)889 
30 6.53 6.54 0.0476 
Sep. 14 8.32 8.32 o.oooo 
Oct. 2 7.98 8.10 0.4615 
16 8.70 8.68 0.0870 
1967 April 2 3.46 3.10 2. 7692* 
29 4.38 3.94 2.4444* 
May 20 5.98 5.41 1.7812 
June 15 11.35 9.96 3.3095** 
July 6 1).88 14.68 3.4783** 
30 14.02 14.92 10.0000** 
Aug. 29 15.20 15.02 1.6)64 
1968 March 17 2.28 1.87 J. 1538** 
April 1 2.80 2.20 2.7273* 
15 J.OJ 2.99 0.4444 
29 4.64 4.06 3.2222** 
May 13 4.61 4.69 0.6154 
27 4.86 4.84 0.2222 
June 10 4.78 4.90 1.3333 
24 6.33 6.32 0.0454 
July 5 6.)0 6.)7 0.4118 
20 7.03 7.00 0.1200 
Aug. 2 6.55 6.46 o.sooo 
14 6.68 6.73 0.2174 
Sep. 1 7.38 7.47 0.5294 
12 ?.83 7.86 1.0000 
27 8.00 8.00 o.oooo 
Oct. 18 8.00 8.00 o.oooo 
aTabular t's for significance at P.05 and P.01 are 2.093 and 2.861, 
respectively. 
Table 15, Mean seed yield , shrub diameter, and shrub height measurements of Atriplex 
confertifolia shrubs and the calculated and tabular t values on control and furrowed 
treatment s. 
Date Furrowed Control t values 
Year Month Day shrubs shrubs Calculated Tabular 
P.05 P,01 
Mean total 1967 Aug. 5 6. 98 0,00 1.6285 1.746 2. 583 
seed weight (g) 
1968 Sep. 2 24.43 5.34 2,0483* 1.796 2, 718 
Mean weight 1967 Aug, 5 0.711 2 o.oooo 6.4654** 1.697 2.457 
per 100 
seeds (mg) 1968 Sep. 2 0.5730 0, 5293 0.5462 1.812 2.764 
Mean shrub 
diameter (em) 1968 Sep, 27 46. 6 37.0 0.4786 1. 687 2.430 
Mean shrub 
height (em) 1968 Sep, 27 24.9 22, 8 1.1413 1. 687 2.430 
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Phenology scores for ~ jamesii are shown in Table 16. At 
the beginning of the three growing seasons, growth started during the 
last week of March, and furroWing did not influence this initiation time. 
Significant differences between furrowed and control groups of 
clones in 1966 were shown during June, when the control clones headed 
out earlier, From then until after dormancy in August, there were no 
significant differences. From the end of August until the first week in 
October, the furrowed clones had a significantly greater score. This 
indicated a greater regreening of leaves, regrowth of leaves, and new 
head formation. B.r mid October, all clones were approaching final fall 
dormancy. 
For the 1967 groWing season, no significant difference was shown 
at any month, Most clones completed their life cycle, 
From the end of May to mid June of 1968, the furrowed clones were 
advanced further at the five leaf, boot, and head stages. Toward the 
end of June, there was no significant difference. Both groups of clones 
approached the seed scatter stage. The July .5th reading indicated that 
the control clones were significantly closer to dormancy, while the 
furrowed clones still had green leaves, Both groups then approached 
dormancy until the second week in August. From then until the second 
week of September, the furrowed clones had significantly more greening 
of leaves and blade development, and also stayed photo-synthetically 
active longer, as indicated by the less mature stage on September 12. 
A few new heads were counted on the furrowed clones on September 1. 
B.r the end of September, dormancy of all clones was complete. 
Significantly greater seed stalk numbers were recorded for 
furrowed clones both in 1967 and in 1968. Greater clone diameter and 
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Table 16, Mean phenology index scores and calculated t values for 
~ jamesii on control and furrowed treatments, 
Date Mean Ehenolo~ scores Calculated 
Year Month Day Furrowed clones Control clones t valuesa 
1966 April 2 1, 80 1.7) 0,)500 
16 3.70 3.75 0.2381 
30 4. 62 4.69 0.4694 
May 14 5.65 6,18 0,841) 
June 7 6.54 7.1 8 5.3424** 
22 7.46 8.08 0,9841 
July 6 8.32 8. 44 0.2609 
19 8.75 8.72 0,0857 
Aug. 2 8.98 9.15 1.5454 
16 10,02 10,07 0,11 63 
30 11.10 10,15 2.4359* 
Sep, 14 11,87 10,65 2. 541 7* 
Oct. 2 12.68 10.74 2.9394** 
16 15.75 16. 32 1,2954 
1967 April 2 2,20 2.12 0,1905 
29 5.02 4.62 1.3029 
May 20 6,10 5.78 1,0000 
June 15 7.00 6.41 1,8043 
July 6 8.85 8,25 1.5000 
30 9,00 9.07 1,4000 
Aug, 29 8.55 9.15 1.9355 
1968 March 17 o.oo o.oo o.oooo 
April 1 2,10 1.95 0.4286 
15 3.42 3.35 0.5385 
29 4.59 4.50 0.4737 
May 13 5.08 4.67 2. 0500 
27 6.19 5.42 4.0526** 
June 10 6.90 6.05 3.541 7** 
24 8.80 8.85 0.1724 
July 5 9.10 9.52 4.6667** 
20 9.80 9.90 2,0000 
Aug, 2 9.78 9.85 1,4000 
14 11,01 10.66 2.5000 
Sep. 1 11.44 10,40 2.9714** 
12 16,28 17.00 3.2727** 
27 17.00 17.00 0,0000 
Oct. 18 17.00 17.00 0.0000 
aTabular t•s for significance at P.05 and P.01 are 2,093 and 2,861, 
respectively, 
greater mean basal leaf length were recorded for the furrowed clones 
(Table 17). 
Mean phenology index scores for Atriplex nuttallii are shown in 
Table 18. 
During the 1966 growing season, significant differences between 
furrowed and control shrubs were recorded only in October, The 
furrowed shrubs had a greater regrowth of vegetative shoots, 
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In 1967 all readings showed significant results. The furrowed 
shrubs had an initial growth stage advantage until the end of April. 
Then the control plants approached dormancy more quickly. This gave the 
control group the higher score. Following the late May and early June 
rains, regrowth of the controls resulted in a greater score, while the 
furrowed shrubs had not reached dormancy. ay the end of July, the 
control shrubs had become dormant again. The furrowed shrubs were 
still green, and after shedding seed, regrowth of vegetation was greater 
than in the controls. 
In 1968 the significant growth advantage of the furrowed plants 
was again evident. Following this, no significance was found until the 
period from the third week in June to the first week in July, when the 
control shrubs reached the fruit dissemination stage faster. Significant 
differences occurred from early August through mid October. During this 
period control shrubs reached dormancy earlier, and then had little 
regrowth, while the furrowed shrubs approached but did not reach 
dormancy, and then produced much more regrowth. 
Seed yields in Table 19 showed that there was a significantly greater 
yield from furrowed shrubs in 1967 and 1968, In addition, these seeds 
were heavier. Mean shrub diameter and mean shrub height were also 
significantly greater in the furrowed group, 
Table 17. Mean total seed stalk number, clone diameter, and basal leaf length measurements of 
~ jamesii and the calc:ulated and tabular t values on control and furrowed 
treatments. 
Date Furrowed Control t values 
Year Month Day clones clones Calculated Tabular 
P.05 P.01 
Mean total 1967 Aug. 5 25.45 7.15 7. 721 5** 1. 687 2.4)0 
seed stalk 
number 1968 July 5 10.00 ).50 2. 7659** 1. 687 2.4)0 
Mean clone 
diameter (em) 1968 Sep. 27 )).5 2:3 . 5 2.)866• 1. 687 2. 4)0 
Mean basal 
leaf length (em) 1968 Sep. 27 14.8 9 . 8 ).0120* 1.687 2. 4)0 
6) 
Table 18. Mean phenology index scores and calculated t values for 
AtriElex nuttallii on control and furrowed treatments. 
Date Mean Ehenolo~ scores Calculated 
Year Month Day Furrowed shrubs Control shrubs t valuesa 
1966 April 2 2. 57 2.57 o.oooo 
16 2.54 2.45 0.)91) )0 4.02 4.;; 1.4762 
May 14 4. 96 5.28 0.914) 
June 7 5.28 5.61 0.8462 
22 5.50 5.94 1.4667 
July 6 6,20 6.10 0. 6667 
19 6.28 5.92 1.8000 
Aug. 2 6.;6 5.98 2.0000 
16 6.)1 6.56 1.6667 
JO 6. 61 6.70 0.6000 
Sep. 14 8,46 8.15 1.9524 
Oct . 1 8.95 7.95 ).2258•• 
15 9.45 8 . )) 4.6667•• 
1967 April 1 ).20 1.91 7.1667•• 
29 4.51 ).27 4.5926•• 
May 20 5.54 7. 25 ).7174•• 
June 15 5.65 9.72 18.5454** 
July 6 5. 99 14.79 46.)158** 
29 7.04 15.22 74. 7272** 
Aug. 29 10.)8 15.)6 )5.5071** 
1968 March 17 ).)2 2.)4 ;.5ooo•• 
April 1 ; . 56 ).22 1.)077 
15 ) .90 ) . 74 0.7619 
29 4.56 4.54 0.105) 
May 1J 5.02 4.89 0.8125 
27 5.64 5.57 0.7000 
June 10 6.00 6.00 o.oooo 
24 6.08 6.)1 2.)000* 
July 5 6,08 6.)8 2.5000* 
20 7.00 7.00 o.oooo 
Aug. 2 7.21 7.24 ),0000** 
14 7.)6 7. 56 4.oooo•• 
Sep. 1 8,87 8.01 4.0952** 
12 9.45 8.o; 7.47:37** 
25 9.52 8. o8 6.0000** 
Oct . 18 9.52 8.oo 7. 2)81•• 
aTabular t 1s for significance at P.05 and P.01 are 2.09:3 and 2.861, 
respectively. 
Table 19. Mean seed yield, shrub diameter, and shrub height measurements of Atriplex nuttallii 
shrubs and the calculated and tabular t values on control and furrowed treatments. 
Date FUrrowed Control t values 
Year Month Day shrubs shrubs Calculated Tabular 
P.05 P.01 
Mean total 1967 Aug. 5 6.94 0,00 1,8605* 1.708 2.467 
seed weight (g) 
1968 July 19 24.0) 2.27 2. 8260 .. 1.771 2.650 
Mean weight 1967 Aug. 5 1.1885 o.oooo 9.9042•• 1.708 2.467 
per 100 
seeds (mg) 1968 July 19 0. 8738 osm 4. 7150** 1.782 2.681 
Mean shrub 
diameter (em) 1968 Sep. 25 4). 0 25.2 6.))45** 1.687 2.4)0 
Mean shrub 
height (em) 1968 Sap. 25 15.0 9.9 6.3750 .. 1.687 2.430 
Mean phenology index scores for the Atriplex corrugata are shown in 
Table 20. The scores for 1966 and 1967 were very similar to those of 
!:..._ nuttallii. 
In 1966 no significant difference appeared between the two groups 
of shrubs until October, when regrowth was significantly greater in the 
fu rrowed group. 
At all dates in 1967, there was a significant difference between 
mean s . The furrowed shrubs had a greater score through the end of April. 
By mid May the control shrubs had become dormant. This gave the control 
group the higher mean. After rains , in late May and early June, the 
fu rrowed shrubs produced more regrowth and remained green until the end 
of July. In contrast , the controls reached a second dormancy by the 
first week of July, and only slightly broke dormancy by the end of that 
month. At the end of August, the furrowed shrubs once agai.n had greater 
regrowth, 
A significantly greater score was given to the furrowed shrubs in 
1968 up to mid April, as floral buds developed and began to open, and 
again in mid May when furrowed shrubs had more developing fruit. Sig-
nificantly lower scores were recorded for furrowed shrubs from June 10 
until mid August , which indicated a slower approach to dormancy. The 
furrowed shrub leaves remained green after seed shedding. Through the 
month of September , the furrowed group showed significantly greater regrowth . 
Seed yield and shrub size measurements are given in Table 21. 
FUrrowed shrubs produced significantly more seed in 1968, but not in 
1967. The seed size was greater in 1967, because no seed was produced 
by the control shrubs. No significant difference in seed size was found 
in 1968 . Mean shrub diameter and mean shrub height were also significantly 
greater in the furrowed group. 
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Table 20. Mean phenology index scores and calculated t values for 
AtriElex corru~ata on control and furrowed treatments. 
Date Mean Ehenolo&Z scores Calculated 
Year Month Day .furrowed shrubs Control shrubs t valuesa 
1966 April 2 1.76 1.82 0.4615 
17 3.04 ).21 0.5862 
May 1 4.08 4,08 0.0000 
15 5.18 5.08 0,2500 
June 7 5. 86 5.88 0.0215 
22 5.84 5.97 0.1757 
July 6 6,08 6.46 2,0000 
19 6.16 6,06 0,0980 
Aug, 3 6.29 6,40 0,5789 
16 6. 20 6. 42 1.2222 
30 6,48 6.44 0.1000 
Sep. 14 8,90 8,62 1.8667 
Oct. 1 9.65 8. 60 ) ,8889** 
15 9.95 9.05 ).0000** 
1967 April 1 J,42 2,17 6.2500** 
29 J,84 2.72 ).2000** 
May 20 6,68 8,00 4.8889** 
June 15 12.34 9.76 5.86)6** 
July 6 12.42 15.00 9.2143** 
29 1).91 15,02 22.2000•• 
Aug, 29 17.40 15.52 13.4286•• 
1968 March 17 4.)4 ),50 4.2000** 
April 1 ).81 ).05 2.8148• 
15 4.88 4.26 ) . 26)2** 
29 5.15 4.76 0,4)82 
May 13 5.66 5.06 J,JJJJ** 
27 6,00 6.05 0. 2)81 
June 10 6,00 6,)0 6.oooo•• 
24 6. 72 6.97 2. 7778* 
July 5 6,98 7.12 2,JJJJ* 
20 7.41 7. 66 3.1250** 
Aug. 2 7.22 7.34 ),0000** 
14 7. )8 7.82 8,8000** 
Sep. 1 9. 25 8.40 4.4737** 
12 9.49 8.07 7.4737** 
25 9.40 8. 26 5.4286•• 
Oct. 18 9.50 8.26 6.2000•• 
~abular t•s for significance at P.05 and P.01 are 2.093 and 2,861, 
respectively. 
Table 21, Mean seed yield, shrub diameter, and shrub height measurements of Atriplex corrugata 
shrubs and the calculated and tabular t values on control and furrowed treatments. 
Date FUrrowed Control t values 
Year Month Day shrubs shrubs Calculated Tabular 
P.05 P, 01 
Mean total 1967 Aug, 5 1.40 o.oo 1.5123 1.701 2.467 
seed weight (g) 
1968 July 5 14.26 2.40 2,4859* 1.771 2.650 
Mean weight 1967 Aug, 5 0.3333 0,0000 16.6667** 1.701 2.467 
per 100 
seeds (mg) 1968 July 5 0.3972 0.3989 0,0)40 1.812 2.764 
Mean shrub 
diameter (em) 1968 Sep, 25 50.3 27 . 8 5. 5556** 1,687 2.430 
Mean shrub 
height (em) 1968 Sep. 25 11.7 9.0 3.1034** 1.687 2.430 
Seeding Trials 
In the summer of 1968, too few seedlings from indigenous species 
were found for statistical analysis. Atriplex nuttallii seedlings per 
0.5 square meter summed over replications and aspects gave counts of 
0, 12, 1, 0, 27, 6, 4, and 8 for Positions 1 through 8, respectively. 
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In the Atriplex corrugata area, nonuniform distribution of seeds may 
have accounted for the high numbers at Position 5 and the lower numbers 
at Positions 2, J, 4, 6, 7, and 8, although Positions J and 4 represented 
harsh establishment sites. Position 1 in the !L nuttallii habitat type 
was apparently a much harsher site for seedling establishment than in 
the other area, although this position should have had large numbers 
of seeds carried by runoff water. 
Volunteer seedlings did not include the same species in both areas. 
In the !L nuttallii area, the volunteers were Halogeton glomeratus, 
~ kali, lriogonum inflatum, and Eriogonum salsuginosum, in 
descending order of density. In the !L corrugata area, the volunteers 
were Malcomia africana, ~ ~. Chrysothamnus viscidiflorus, 
Eriogonum inflatum, Eriogonum salsuginosum, and a very few Bromus 
tectorum, in descending order of density. 
Statistical analysis of the transformed grass seedling counts, made 
during the spring and summer of 1967 and 1968, showed significant time X 
aspect X habitat type, and time X position X habitat type interactions 
(Table 22). The raw data means are given in Table 35. 
The first interaction is displayed in Figure 5 as the habitat type 
X time interaction, plus the aspect means that made up this interaction. 
It can be seen that no grass seedlings were counted in the spring of 
1967, but a few emerged before the summer count. The lack of grass 
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Table 22. Analysis of variance of Agropyron cristatum and volunteer 
seedling count (transformed dataL 
Agro~n Volunteer 
Source of Degrees of crista tum annual forb 
variation freedom Mean squares Mean squares 
Habitat type (H) 1 7. 834 74.001 
Reps/H (Error a.) 8 2. 804 32.297 
Aspect (A) 2 7.531 182.546•• 
A X H 2 9.912 207. 206•• 
Error (b) 16 6. 432 18 . 720 
Positioo (P) 7 230 .463** 507. 500•• 
P X H 7 8 , 024•• 73. 403** 
P X A 14 6 .413** 25.882** 
P X A X H 14 3. 592 34. 714•• 
Error (c) 168 2.51 2 9 . 964 
Time (T) 3 1,278. 225** 2,905.1 85** 
Error (d) 12 9 . 812 34.592 
TXH 3 38. 217** 1.163 
T X A 6 1,1 78 50 . 931** . 
T X P 21 59.577** 113. 863•• 
T X P X H 21 5.154•• 19. 982** 
T X A X P 42 2. 218 11 . 317* 
T X A X H 6 5. 457* 47. 981•• 
TXAXPXH 42 2.180 12.676•• 
Error (e) 564 1.978 7. 256 
Subsamples 960 1. 903 6. 312 
Total 1,919 
*Indicates significance at P. 05. 
**Indicates significance at P,01 . 
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~ ·~nlin~ ~Pr~ence was due tn the phRence of ~nnw ~ ~+a- n~~~~ho~ 10~6 , 
anu u" '....,, ~·· the spring of 1967. :>.n the spring 01 19bd, coun"ts reached 
27 seedlings per 0,5 sq m in the &.. nuttallii area and 19 seedlings per 
0. 5 sq m in the &.. corrugata area . Grass seedling survival was slightly 
higher in the summer readings in the &.. corrugata area. Aspect inter-
acted with the other two factors because the east-facing structures had 
lower values i n the &.. nuttallii area , while the west-facing structures 
had lower values in the &.. corrugata area. The differences between 
aspects may have resulted from several factors , including differences 
in salinity l evels of the parent material and/or differences in moisture 
distribution due to wind patterns during rainstorms. 
Figure 6 shows the position X time interaction with the habitat type 
means that make up this interaction . The highest concentration of 
seedlings was found at Posttions 2 and 6 for all times, The spring of 
1968 showed values of 38 and 63 grass seedlings per 0.5 sq m, respectively. 
Position 1 had lower values than Position 2. The seedlings in the 
gully plug bottom emerged only from cracks in the clay, where the 
environment was apparently not as harsh. Seedlings in this position 
were often covered or coated with clay following water evaporation after 
r ains . As water evaporated from Position 1, the transported material 
from the last storm dried. The soil broke horizontally along the level 
of the coarser material that dropped first, and then broke vertically 
into crudely shaped polygons. This caused the uprooting or, more 
commonly, the breaking off of seedlings . Only at Position 4 were the 
counts zero for all times . At Position 3 the counts were zero , except 
for the spring of 1968. 
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Figure 5. Grass seedling count data, showing the habitat type X time 
interaction, plus the aspect means (95% confidence interval 
was X± 1) that made up this interaction. 
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Figure 6. Grass seedling count data, shoWing the position X time 
interaction, ~lus the habitat type means (9.5~ confidence 
interval was X ± 2) that made up this interaction. 
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~ 
0 
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These data indicated that introduced grasses would most likely 
establish in Positions 2 and 6. Almost no establishment could be 
expected at Positions 3 and 4, even though some seedlings emerged in 
the spring. 
The habitat type means shown in Figure 6 indicated similar values 
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fo r the spring and summer of 1967, and for the summer of 1968 . In the 
spring of 1968, however, only at Positions 3 and 4 were the counts the 
same . At the other positions, more seedlings were present in the !L 
nuttallii area. The maximum difference occurred at Position 6. Seedlings 
were not evenly distributed over positions, especially on the fUrrows. 
Here most seedlings were located at the base of the slope at Positions 7 
and 8. 
Statistical analysis of the volunteer annual forb counts showed a 
significant time X aspect X position X habit at type interaction (Table 22). 
The raw data means are given in Table 36. Due to the diffi culty of 
interpreting t his f our-way interaction, it was decided to leave out the 
aspect factor, because this had the least practical significance. To 
interpret the remaining data, the significant time X position X habitat 
type interaction is shown in Figure 7 as the significant time X position 
inter act ion plus the habitat type means that made up the interaction. 
The time X position interaction showed a greater stand of seedlings 
in 1968 than in 1967, and the spring values were generally higher than 
the stunmer values. Low counts were found in Positions 1, 3, and especially 
4. Spring stands in 1967 were slightly greater at Positions 3, 6, 7, and 
8. Spring stands in 1968 were by far the highest at Position 2 (over 
180 seedlings per sq m). Other high values exceeding 45 seedlings per 
sq m occurred at Positions 5, 6, 7, and 8. This points out the severe 
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Figure 7. Volunteer seedling counts, showing the position X time inter-
acti£0, plus the habitat type means ( 95~ confidence interval 
was X ± 1) that made up the interaction. 
0 
competition for other introduced desirable species. Greatest survival 
in the summer of 1967 occurred at Positions 2 and 5, and in 1968 at 
Positions 2, 5, 6, 7, and 8. 
Habitat type interacted with position and time. In 1967 habitat 
type mean counts were quite similar for both spring and summer. In 
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1968 there were usually more volunteer forbs in the ~ corrugata habitat 
type, especially at Positions 1, 2, 7, and 8 . 
Soil Surface Moisture 
The analysis of variance for the soil surface moisture data following 
summer rains is given in Table 2). Mean data are given in Table :37. In 
the ~ nuttallii area, the analysis showed a significant position X time 
X depth interaction. This interaction is shown in Figure 8 as the 
significant position X time interaction, plus the depth means that made 
up this three factor interaction. In general , the highest values were 
found at Position 1, with moder ate amounts at Positions 2 and 6. 
The moisture percentages obtained two days after the rainstorms were 
usually higher than five days later, but the differences were often 
small. At Position 1, however, the moisture value taken seven days 
after the hEB vy rainfall was higher. This resulted, first, because 
this position was flooded when both sets of samples were taken, and 
this made sampling difficult. Secondly, as the depth means at Position 
show, water moved into the 5-10 and 10-15 em samples and raised their 
moisture content by the second sampling time. 
The depth means were very similar for Positions ), 4, 5, 7, and 8 
at all times. At Positions 2 and 6 the surface soil usually had most 
moisture two days after the rain, but were as dry as the above positions 
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Table 23. Analysis of variance of soil surface moisture on erosion 
control treatments in two habitat sites folloWing summer 
rains. 
A triplex A triplex 
nuttallii oorrugata 
Source of Degrees of habitat type habitat type 
variation freedom Mean squares Mean squares 
Reps 3 779 . 767** 1,508.119* 
Aspect (A) 2 62. 732 135.106 
Error (a) 6 23 ,610 162.906 
Positions (P) 7 27, 656.410** 7, 715. 643** 
A X P 14 12.802 6o.524*• 
Error (b) 63 110. 61 0 17.257 
Depths (D) 2 32.829 595.868•• 
D X A 4 3.876 28.644•• 
D X P 14 1,727.563** 34.570** 
D X A X P 28 17.402 10.027** 
Error (c) 144 69.040 5.392 
Time (T) 3 5,210.586•• 10,553.740** 
Error (d) 9 105.061 785.995 
T X A 6 42.062 143.342** 
T X P 21 1,886. 697** 2,213.542** 
T X A X P 42 20 .527 17.434 
TXD 6 830.615** 576.417** 
T X A X D 12 17.594 5.464 
T X P X D 42 397.579** 68 .575** 
TXAXPXD 84 16.860 5.242 
Error (e) 639 44.010 12,682 
Total 1,151 
• Indicates significance at P.05. 
•• Indicates significance at P.01. 
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Figure 8. Percent soil moisture by volume in the Atriplex nuttallii 
area , sho>dng the posit ion X time interac1ion , plus the 
depth mean s (95~ con fidence interval was X ± ). 8) that 
made un the interaction . 
seven days after the rain. Only at Position 1 was the surface soil 
wettest on the seventh day following the heavier rain, because the 
position remained flooded longer than 7 days after the rain. 
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Data means for soil surface moisture in the ~ corrugata area are 
given in Table 38. Statistical significance was found for the position 
X time X depth, time X aspect, and position X depth X aspect interactions 
(Table 23). 
The first interaction is shown in Figure 9 as the position X time 
interaction, plus the depth means. Positions 1, 2, and 6 had higher 
values, in general, and the soil became drier with increased time after 
the rainstorms, With the light rain (1.0 em), Positions 1, 2, and 6 
showed slightly higher water retention both two and seven days following 
the rain. Two days after the 1.9 em rain, Position 1 was flooded, and 
Positions 2 and 6 had about 30 percent moisture, Positions 3, 4, and 5 
stored little water, Five days l ater, Positions 1, 2, and 6 still had 
between 15 and 20 percent moisture, whereas the other positions had less 
than 10 percent moisture. 
All depths did not show the same pattern, Only at Positions 1, 2, 
and 6 following the 1.9 em rain did the surface soil have more moisture 
than the deeper soil, due to low infiltration rates. Surface soils at 
other positions and times had less moisture, due to high evaporation 
losses from the surface. 
The time X aspect interaction, shown in Figure 10, indicates that 
the soil around the structures on the west aspect held more moisture two 
days after the rain, but less seven days after the rain. It appeared 
that, although the watersheds on the west aspect were slightly larger, 
the soil permitted better drainage, 
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Figure 9. Percent soil moisture in the Atriplex corrugata area , showing 
the position X time interaction, plus the depth means (95% 
confidence interval was X ± 2,0) that made up the interaction, 
Figure 10. 
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The position X depth X aspect interaction is shown in Figure 11 as 
the position X depth interaction, with the aspect means. In addition to 
the information provided by Figures 9 and 10, it is noted that the 
surface soil at Position 1 had more moisture than the surface soil at 
other positions, due to the flooding of the gully plug bottom. The 
surface soil at all other positions had lower values and, therefore, was 
a less favorable environment for seedling establishment. The 5-10 em 
level was wettest at all positions, because water penetrated to this 
depth following rains, and because transpiration from the surface was 
of greater importance than transpiration by plants. Moisture at this 
depth remained longer. The 10-15 em depth usually received less moisture 
following rainstorms than the 5-10 em depth, especially at Positions J, 
4, 5, 7, and 8. 
Aspect interacted with the position X depth interaction. At 
Positions J, 4, 5, 7, and 8, the west aspect had higher values for all 
depths, possibly due to a better structured or coarser textured soil. The 
east aspect usually had lower values. In contrast, at Positions 2 and 6, 
the east aspect tended to have more moisture, while at Position 1, the 
east and south aspects both had higher moisture levels than the west 
aspect. This indicated that the structures on the east and south aspects 
had less infiltration and more runoff than the structures on the west 
aspect. 
Physical Characteristics of Soils 
statistical analysis of the soil moisture percentage by weight at 
saturation, 1/J atmosphere, and 15 atmospheres indicated that the depth 
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Figure 11. Percent soil moisture in the Atriplex corrugata area, showing 
the position X depth int~raction, plus the aspect means ( 95~ 
confidence interval was X± 1.5) that made up the interaction. 
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X position and depth X habitat type interactions were significant for 
the three measurements, The position X habitat type interaction of the 
1/J atmosphe re measurement was also significant (Table 24), All mean 
data are given in Table 39. When the data for the first two interactions 
were plotted, the curves appeared similar for the three moisture percen-
tages, but the whole graph was shifted downward at greater tensions 
(Figures 12 and 1)), Overall means for the moisture percentage data 
were as follows: 
Atriplex nuttallii )8 . 87 at saturation 
21.81 at 1/J atmosphere 
12. 66 at 15 atmospheres 
AtriElex corru~:ata 40.69 at saturation 
24.65 at 1/J atmosphere 
14.86 at 15 atmospheres 
Since the depth X position and depth X habitat type interactions 
were similar for the three moisture percentages, only the 1/J atmosphere 
pr essure data have been explained below, 
The surface soil percentage, in general , interacted with the other 
three depths (Figure 12). Position 1 had about 29 percent moisture, 
but Positions 2, J, and 4 had about 21 percent. Positions 5 and 6 
showed about 25 percent, and Positions 7 and 8 showed about 24 percent. 
The higher values at Position 1 were due to fine clay material transported 
there by runoff water. The relatively low values at Positions 2, J, and 
4 possibly resulted from movement of the clay particles lower into the 
soil . 
The 10-20 em depth was intermediate between the surface soil and the 
two lowest depths at Position 1. This indicated that at least 20 em 
depth of finer material had been transported here, Positions 2, J, and 
4 had values similar to those of the two lowest depths, indicating a 
Table 24. Analysis of variance of saturation, 1/3, and 15 atmosphere moisture percentages , and bulk 
density in the microenvironment of the erosion control structures. 
Saturation 1 /3 atmosphere 15 atmosphere 
Source of Degrees of percentage oercentage percentage Bulk density 
variation freedom Mean squares Mean squares Mean squares Mean squares 
Habitat type (H) 1 525.788 1 '295.926•• 772.158* 0.00004 
Reps/H Error (a) 18 217.126 150.498 98.741 0.01521 
Positions (P) 7 85.715** 42.534** 32.852** 0.97898•• 
P X H 7 7.846 13.203** 9. 767 o.oo6o8 
Error (b) 126 14.209 4.233 7.299 0.01208 
Depths (D) 3 199.439** 77.422** 36.540** 3.64385** 
D X H 3 58.020** 53.740** 32.310** 0.01084 
D X P 21 110.162•• 44.1)4U 30.340•• 0.09829** 
D X H X P 21 7.846 4.959 2.102 0.02435** 
Error (c) 432 7.885 3.391 2.304 0.00772 
Total 639 
* Significance at P.05. 
•• Significance at P.01. 
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Figure 12. Saturation, 1/J, and 15 atmosphere soil moisture percentage 
data for four depths at eight positions . (The ~ confidence 
limits for the means for the interactions were X+ 1.23, 
x ± o. 8o, and x ± o. 67 for the saturation, 1/J. and 15 
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Figure 1J, Saturation, 1/J, and 15 atmosphere soil moisture percentage 
data for four depths in two habitat lYnes, (~e 95% 
confidence limits for the means was X + 0,62, X + 0,40, and 
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mixture of soil moved ~ the bulldozer. Positions 5 and 6 resembled 
the surface soil in percentage moisture. At Positions 7 and 8, the 
10-20 em level had a greater percentage moisture than the other depths 
because this was really the surface soil covered ~ the furrow throw. 
The J0-40 and 50-60 em depths had relatively constant values with 
positions. 
The depth X habitat type interaction shown in Figure 13 indicated 
that the ~ corrugata soil had higher and more uniform moisture holding 
percentage with depth. The difference between the surface soils of the 
two areas was not as great, but lower depths in the ~ nuttallii profile 
had lower moisture holding ability, 
In addition, the position X habitat type interaction was significant 
in the 1/J atmosphere measurement. Figure 14 shows that the A. corrugata 
values were similar at all positions ru1d higher than position values of 
the ~ nuttallii soil. 
In the latter soil the 1/J moisture percentage was higher at 
Position 1 due to the greater quantities of clay transported there, and 
lower at Positions J and 4 which represent coarser textured soil from 
the original gully floor. 
!blk density 
All bulk density means fell between the normal 1,0 to 1.8 g per cm3• 
Statistical analysis showed a significant position X depth X habitat type 
interaction (Table 24), Figure 15 shows the bulk density data for four 
depths at eight positions along with the habitat type means that made 
up this interaction. 
!blk density values from 1,1 to 1,J g per emJ were found at all 
depths at Positions J and 4, and at the 0-5 and 10-20 em depths at 
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Figure 15. Bulk density data for four depths at eight positionaL shoWing 
the habitat type means (95% confidence interval was X + 0.054) 
tha t ~,d., no thi s 1nt.eroction. -
Positions 7 and a. These positions represent the bulldozed shalely 
material that has not broken down since it was moved, 
Intermediate values of about 1, 3 to 1. 5 g per emJ of the 0-5 and 
10-20 em depths at Positions 1 and 6 were due to the fine textured, 
structureless material deposited by runoff water, other positions 
and depths with these values represent upper layers of the undisturbed 
shale. 
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Bulk density values at the higher ranges of 1,5 to 1,7 g per emJ 
were found at only the two lowest depths, They were in Positions 1 and 
6 of the 30-40 em depth and all positions except J and 4 of the 50-60 em 
depth. The high bulk density of the lower soil in both areas suggested 
restricted permeability. 
The Atriplex nuttallii soil tended to have hi gher values, as shown 
by the habitat means in Figure 15, especially at Positions s-a. These 
samples were taken from deeper in the shale profile, since the furrows 
have not accumulated as much soil, and the throw has not weathered as 
much as in the ~ corrugata area. 
Chemical Characteristics of Soils 
Percent salt 
Statistical analysis of the percent salt showed three significant 
two factor interactions (Table 25). Mean data are given in Tables 40 
and 41, The season X habitat type interaction in Figure 16 shows that 
the Atriplex corrugata habitat type had a higher salt content, which 
increased from 0,32 percent in summer to 0,37 percent in spring, 'Ibis 
increase was greater than in the other area, which increased from 0,18 
to 0.20 percent salt, 
Table 25. Analysis of variance of pH, percent salt, electrical conductivity, and sodium concentration 
in the microenvironment of the erosion control structures, 
Source of Degrees of pH Percent salt E.C. X 103 Sodium 
variation freedom Mean squares Mean squares Mean squares Mean squares 
Habitat types (H) 1 3.997 7.592* 1,728.920* 713,926.30** 
Reps/H Error (a) 18 0.984 1.039 337.086 65,396.97 
Positions (P) 7 o.5oo•• 0,182** 124.650** 14,575.14 
P X H 7 0.280** 0,087 42.161 12,013.71 
Error (b) 126 0,085 0.061 21.771 7,118.32 
Depths (D) 3 3.520** 1.587** 1,128.046•• 153,057.33** 
D X H 3 0.253** 0.612** 207.936•• 92, 740.33** 
D X P 21 0.230** 0.137** 77.172** 9,767.76** 
DXPXH 21 0.276** 0,045 15.578* 6,977.04** 
Error (c) 432 0,026 0,029 9.403 2,622.52 
Seasons (S) 1 0,560 0.347 0.350 52,650.00** 
Error (d) 9 0.256 0.200 1.058 4,771.44 
S X H 1 0,060 0.043* 129.080 .. 67, 159.00** 
S X P 7 0.031 0.014 8,408• 2,497.57 
S X P X H 7 0.063** 0.018 11.641•• 3,125.85"' 
S X D 3 0.043 0.020 1.653 10,216.33""" 
S X D X H 3 0.017 o.oo6 14.270* 13, 791.33** 
S X D X P 21 0.018 0,005 1.597 1,203.33 
SXDXPXH 21 0,010 0.005 3.761 1,275.86 
Error (e) 567 0.022 0.011 3.875 1,499.00 
Total 1,279 
"'Significance at P.05. ~ 
*"'Significance at P.01. 
The depth X habitat type interaction in Figure 17 shows that the 
salt content of the !L corrugata habitat type soils increased at a 
greater rate with depth from 0,20 percent for the surface soil to 0,47 
percent at 50-60 em, In the Atriplex nuttallii habitat type, there 
was a gradual increase of salt with depth from 0,16 to 0,2J percent. 
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In the depth X position interaction shown in Figure 18, only at 
Position 1 did all levels of soil have similar salt values, The 0-5 em 
soil had levels of 0,19 percent or slightly below, except for Positions 
and y, Both had slightly above 0, 20 percent , which indicated a slight 
salt build up. The second depth (10-20 em) had approximately 0,04 
percent higher salt than the surface soil at Positions 2, 5, 6, 7, and 
8. At Positions J and 4, this soil had the highest percent salt of all 
samples on the gully plugs, At Positions J and 4 where the surface and 
oubsoil were mixed, salt from the surface 5 em had been leached into 
the 10-20 em layer. 
The J0-40 and 50-60 em depths had approximately similar values for 
the gully plugs. The deeper soil had slightly higher values at 
Positions 1 and 2 and a slightly lower value at Position 4, At 
Positions 5, 6, 7, and 8, the lower soil level had 0,09 to 0,12 percent 
greater salt concentration than the J0-40 em depth, 
Electrical conductivity 
Electrical conductivity had threo significant three factor 
interactions (Table 25). 
The depth X habitat type X season interaction is shown in Figure 19. 
It shows the significant depth X habitat type interaction with the 
seasonal means. Electrical conductivity increased with depth in both 
soil types, but was more pronounced with depth in the !L corrugata soil, 
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Figure 19. Electrical conductivity data for four depths and two habitat 
types , showing the seasonal means (95% confidence interval 
was X ± 0.4J) that made up this interaction. 
Both soil types had an electrical conductivity of about 3.00 mmhos per 
em for the 0-5 em depth. Deepest samples had values of 5.35 and 9.37 
mmhos per em, 
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Seasonal means interacted with the above depth X habitat type 
interaction as shown by the points. The surface soils had ver,y similar 
electrical conductivities for both seasons. As might be expected, 
summer values were higher than spring values, and varied as much as 
1.00 mmhos per em from the spring measurements, in the A, corrugata 
soil. In contrast, at lower depths, the ~ nuttallii soil had higher 
values in the spring than in the summer. This area had a seasonal 
difference of 1,38 mmhos per em. 
The season X position X habitat type interaction is shown in 
Figure 20, 
The significant season X position interaction is plotted along with 
the habitat type means that made up the points for the curve. The 
seasonal curves show that similar values were found for all but 
Positions 2 and 8. The mean summer value was higher at Position 2, 
but lower at Position 8, The high value at Position 2 could have 
resulted from water moving up through the soil from the catchment basin, 
The water evaporated and left the salt on the soil surface. From other 
data in this experiment, Positions 7 and 8 usually had similar values, 
The high value at Position 8 may have been relative, if there had been 
leaching at Position 7 and not at 8 in the spring, but a deposition at 
Position 7 and not at 8 in the summer. 
Habitat type interacted by having different values for each season 
X position mean. In the ~ nuttallii habitat type, the summer values 
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positions, pl~s the habitat type means (95~ confidence 
interval was X± 0. 61) that made up this interaction. 
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were all lower than the spring values, and this difference was greatest 
at Positions 3, 4, 5, and 8. In the !L corrugata habitat type, the 
spring values were lower, the greatest movement of salts occurred at 
Positions 2, 3, 4, and 5. 
The depth X position X habitat type interaction is shown in 
Figure 21, as the significant depth X position curves along with the 
habitat type means at the appropriate places near the curve. 
The 0-5 em soil curve had similar values of about 2,80 mmhos per 
em. The other three depths had similar values only at Positions 3 and 
4, whi ch constituted the gully plug throw. In increasing order of 
difference between habitat types, at the other positions, 1 and 2 were 
similar, followed by 8, 7, 6, and 5. 
The habitat type means making up the above two factor interaction 
showed that there was very little difference at the 0-5 and 10-20 em 
depths, but at greater depths the ~ corrugata habitat type had 
consistently higher values. This was especially evident at Positions 5, 
6, 7, and 8. The least differences between the two areas were found at 
Positions 3 and 4. The electrical conductivity values in general were 
lower for positions representing the gully plugs than for positions 
representing the furrows. Both structures had values lower than the 
control. 
Sodium concentration 
The sodium concentration of the saturation extract varied from 
almost no reading to 190 meq per liter. Very few values, however, 
exceeded 80 meq per liter. Statistical analysis indicated three 
significant three factor interactions (Table 25). 
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Figure 21. Electrical conductivity data for four depths at eight 
positions, plus the habitat means (95~ confidence interval 
was X± 1.34) that made up this interaction. 
99 
• 
i 
• 
/ , 
,. 
lj! 
8 
100 
The season X depth X habitat type interaction is shown in Figure 22, 
as the significant depth X habitat type interaction, with the season 
means placed at the appropriate places on the curves. Sodium concen-
tration was always higher in the ~ corrugata soil. The surface soils 
of the two areas were within 10 meq per liter difference. In the ~ 
corrugata soil, sodium levels increased rapidly with depth to over 
100 meq per liter at the 50-60 em depth. The sodium concentration of 
the ~ nuttallii soil, on the other hand, increased gradually to about 
15 meq per liter at the 50-60 em depth. The seasonal effect was almost 
negligible in the A. nuttallii soil, but in the ~ corrugata soil, summer 
values were much higher than spring ones. This difference was very 
small in the surface soil, but at the 50-60 em depth, it exceeded 
50 meq per liter. 
The season X position X habitat type interaction is s?own in 
Figure 23 as the significant position X habitat type interaction with 
the seasonal means displayed at the appropriate places on the curves. 
In the ~ nuttallii soil, Positions and 2 had negligible sodium. All 
other positions showed concentrations of about 10 meq per liter. In 
the A. corrugata soil, the lowest value of about 31 meq per liter 
occurred at Position 1, and a secondary low of 42 meq per liter occurred 
at Position 4. Positions 5 and 6 had very high values of 87 and 73 meq 
per liter, respectively. 
Seasonal concentrations interacted with these two curves. The 
seasonal variation in the ~ nuttallii soil was 5 meq per liter, whereas 
in the~ corrugata soil such small variation occurred only at Position 1. 
At all positions summer values were higher, with the greatest seasonal 
changes occurring at Positions 2, 3, 5, and 6. 
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Figure 22, Sodium concentration data for four depths in two habitat 
types, plus the seasonal means (95% confidence interval 
was X ± 8,47) that made up this interaction. 
Sodium 
concentration 
(meq per 1) 
120 
110 
100 
90 
80 
70 
60 
50 
40 I 
I 
•' 
' JO 
"' 
20 
10 
0 
I 
I 
I 
I 
I 
• I 
I 
I 
• I I 
I 
I 
r-, e I 
I 
I 
I 
' 
'! 
* "' 
:1; 
" 
Positions 
• 
" I ' • I 
' 
' I 
' 
' 
' 
' ' \ 
* 
* 
5 6 , 
'Jl 
0 
' 
' ' 
102 
A. nuttallii 
-Spring 
Summer 
h corrugata 
Spring 
Summer 
• 
• 
' 
* 
0 
"' 
)( 0 
·~ 8 
/ 
' 
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1rPes, plus the season means (95~ confidence interval was 
X ± 12.24) that made up this interaction, 
10:3 
The depth X position X habitat type interaction shown in Figure 24 
has the significant position . X depth interaction curves with the habitat 
type means plotted as well. 
Sodium concentration of surface soil was not much above 10 meq per 
liter. At the other depths, Position 1 had the lowest level. At 
Positions J and 4, the sodium value for the lower three depths was 
about 40 meq per liter, and the 10-20 em depth had a higher value. At 
the remaining positions, sodium concentration increased with depth. 
The habitat type interacted with the position X depth interaction 
curves, because although the ~ corrugata soil generally had greater 
sodium concentrations, this was more pronounced with increasing depth, 
especially at Positions 5, 6, 7, and 8. 
Sodium concentration increased , in general, from the gully plug 
to the furrow to the control positions. 
The pH of the soil samples ranged from about 7.5 to just over 8.:3. 
Statistical analysis is shown in Table 25. 
Figure 25 shows the position X habitat type interaction, with the 
seasonal means that made up this significant three factor interaction. 
In the position X habitat type interaction, only at Positions J and 
4 were the pH values for the two areas similar. At all other positions, 
the h corrugata area had the higher pH, with the maximum of 8.01 at 
Position 5. In the &_ nuttallii soil, values near 7. 80 were found at 
Positions J, 4, 5, and 7. other positions had lower values. In the 
~ nuttallii area, Position 2 had a lower pH than Position 1, while in 
the ~ corrugata area, the opposite trend was observed. 
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X± 22.55) that made up this interaction. 
8 
pH 
8.o 
7.9 
* 7.8 
• 
7. 7 
Figure 25. 
h. nuttallii 
X Spring 
0 Summer 
h. corrugata 
:f. Spring 
• Summer 
~-
I. --- * 
I 
I 
• 
.... 
.... 
I .... 
I ....... 
I "' -I 
I 
" 
)< 
I 
'* 
.......... -
0 
5, 7, 
' 
' 
, 
' 
Positions 
pH values for eight positions in two habitat types , plus 
the seasonal means (95~ confidence interval was X+ 0.01) 
that made up this interaction. -
, 
105 
Jl: ) 
0 
8 
" 
, 
106 
Superimposed on the position X habitat type interaction are the 
seasonal means, Most seasonal means were within O,OJ of the position X 
habitat type means . Positions 5, 6, 7, and 8 of the A. nuttallti and 
Positions 1 and 6 of the AL corrugata had lower summer pH values. 
Figure 26 shows the position X depth interaction plus the habitat 
type means that made up this three factor interaction. The surface 
soil had the lowest pH (about 7, 7) for all positions. As depth 
increased, pH generally increased. Exceptions occurred at Positions J 
and 4, where the 10-20 em depth had higher values than the lower depths. 
The fu. corrugata soil had higher pH values as depth increased, especially 
at Positions 1, 2, 5, and 6, 
~Radiation 
Statistical analysis for net radiation during the six periods in 
1968 showed that the hour X aspect X position interaction was highly 
significant for each period (Table 26). The 95 percent confidence 
intervals for these three factor interactions were X ± 0,04, X ± 0,06, 
X± 0. 07, X± 0,08, X± 0,04, and X± 0,04 for the first to sixth 
period, respectively. As a result, the positions Within the aspects 
could be grouped into a control and the four cardinal aspects because 
the values did not exceed the confidence intervals, 
Within the control grouping, net radiation over the gully plug 
and furrow bottoms approached the upper limit of the confidence interval, 
while the values over the undisturbed soil surface were lower, These 
differences were more pronounced for the second and fifth periods, 
Within the four aspects , net radiation was higher over the gully plug 
than over the furrow positions . 
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Table 26. Analysis of variance of net radiation data for six periods during 1968. 
Source of Degrees o:r Mean sguares 
variation freedom April May June July August September 
Reps 2 0. 0)82* 1. 2877** 1.2.561 .. 3.3244** 0.0128** 0.1338** 
Aspects (A) 3 0.0330* 0.0183 0.0208 0.0065 0.1135** 0.0397** 
Error (a) 6 0.0035 0.0063 0.0086 0.0028 0.0011 0.0021 
Positions (P) 7 0.0502 .. 0.0361** 0.0235** 0.0249** 0.0252 .. 0.01.56 
A X P 21 0.0276** 0.0143** 0.0132** 0.0048** 0.0901** 0.1991** 
Error (b) 56 0.0028 0.0029 o.oo46 0.0018 0.0020 0.0176 
Hours (H) 14 3. 0727** 4.4662** 2.5704** 2.0420 .. 3.0533** 3.2454** 
H X A 42 0. 0126** 0.0182** 0.0135** 0.0128** 0.0209** 0.0210** 
H X P 98 0.00)6•• 0.0078** 0.0055** 0.0032 0.0068•• 0.0054** 
HXAXP 294 0.0253** 0. 0540** 0.0344** 0.0217** 0.0331** 0.0394** 
Error (c) 896 0.0015 0. 0032 0.0040 0. 0045 0.0015 0.0014 
Total 1439 
* Significance at P.05. 
•• Significance at P. 01. 
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Net radiation for the control and four aspect groupings is shown 
in Figures 27-32. In the morning, the east aspects received the highest 
rate of energy, and the west aspects received the lowest. In the after-
noon, the pattern was reversed. During the first four periods, the 
east aspects received the highest rates of energy. During the last two 
periods , however, because the sun was at a lower angle to the horizon 
at noon, the south aspect received the highest rate of energy. The 
north aspect received the lowest rate of energy when the maxima were 
compared. 
Although the periods were not analyzed statistically, a comparison 
was valid within the confidence intervals. Considering these limits, 
the July 19-23 period had lowest and the May 17-21 period had highest 
values. 
Maximum rates of 0.50 langleys per minute received at any given 
aspect were not uncommon. To put the net radiation into a more useful 
form in light of the evaporation data that follow, the mean hourly net 
radiation rates have been grouped into a control and the four cardinal 
aspects in Table 27. These are shown for each period of measur ement. 
The 95 percent confidence intervals of the aspect X position means for 
the first through sixth period were X ± 0.02, X ± 0.02, X ± 0.02, 
X± 0.01, X± 0.01, and X± o.o4 langleys per minute, respectively. 
These means show that only during the June period when the sun reached 
its highest point in the sky was the mean daily rate of energy received 
similar among the aspects. Earlier and later than this, the north 
aspect received much less radiation, and the south received much more , 
while the east and west aspects and the control received intermediate 
rates. 
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Figure 27. Net radiation for the period April JO - Hay 4 for the hour X aspect X position 
interaction, grouped into the four aspect and control means, 
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Figure 28. Net radiation for the period May 17 - 21 for the hour X aspect X position 
interaction, grouped into the four aspect and control means . 
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Figure 29. Net radiation for the period June 19 - 23 for the hour X aspect X position 
interaction, grouped into the four aspect and control means. 
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Figure 30, Net radiation for the period July 19 - 23 for the hour X aspect X position 
interaction, grouped into the four aspect and control means. 
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Figure 31. Net radiation for the period August 28 - September 1 for the hour X aspect X position 
interaction, grouped into the four aspect and control means . 
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Figure 32, Net radiation for the period September 23 - 27 for the hour X aspect X position 
interaction , grouped into the four aspect and control means. 
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Table 27. Mean hourly net radiation measurements (langleys per minute) of the positions within 
structure aspects, grouped into control and cardinal aspects, 
Periods 
April 30- May 17 - 21 June 19 - 23 July 29 - 23 Aug, 25- Sept. 23 - 27 
Groups May 4 Sept. 1 
Control 0.23 0.30 0.23 0.17 0,18 0,17 
North 0,18 0,26 0,21 0.17 0.09 0,07 
East 0,24 0.29 0,23 0.19 0,20 0.19 
South 0,25 0.29 0,24 0,18 0,22 0,26 
West 0.23 0.30 0,25 0,18 0,19 0,18 
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Just after a position was shaded from direct sunlight, there was a 
slightly greater negative net radiation. As soon as the soil surface 
cooled to near air temperature, very little change occurred in negative 
net radiation until dawn. 
Soil Surface Temperature 
Statistical analysis of the soil surface temperatures for the six 
periods during the swnmer of 1968 indicated that the hour X aspect X 
position interaction was highly significant for all periods (Table 27) . 
The 95 percent confidence intervals for the means were X ± ).0, X ± ).6, 
X± 2. 0, X± 2.7, X± ).9, and X± 2.9 C for the first to sixth periods, 
respectively. Thus the positions within aspects could be grouped 
because they did not exceed these limits. 
Within the control grouping, Position 5 usually had higher tempera-
tures during the day, while Position 1 was slightly cooler, and Position 
6 values were close to the mean . There were no apparent differences 
among the positions within the four aspects, even though these angles 
varied as much as 15 degrees (Table J). 
The soil surface temperatures for the control plus the four aspects 
are shown in Figures JJ-38. They showed similar daily patterns for each 
period . The east aspect soil heated faster in the morning, and cooled 
faster in the afternoon, while the west aspect soil exhibited the 
opposite trend, South aspects had higher temperatures than north 
aspects . 
Only for the period of September 23 - 27 was the sun at a sufficiently 
low ,angle to the horizon that the south aspect had a definitely higher 
maximum temperature near noon, North aspects had lowest maximum daily 
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Figure JJ , Soil surface temperatures of April. JO - May 4 for the hour X aspect X position 
interaction, grouped into the four aspect and control means , 
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Figure )4. Soil surface temperature of May 17 - 21 for the hour X aspect X position 
interaction, grouped into the four aspect and control means. 
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Figure 35. Soil surface temperatures of June 19 - 23 for the hour X aspect X position 
interaction, grouped into the four aspect and control means. 
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Figur e 36 . Soil surface temperatures of July 19 - 23 for the hour X aspect X position 
interaction, grouped into the four aspect and control means . 
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Figure 37. Soil surface temperature of August 28 - September 1 for the hour X aspect X position 
interaction , grouped into the four aspect and control means , 
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Figure .38. Soil surface temperatures of September 2.3 - 27 for the hour X aspect X position 
inter action , grouped into the four aspect and control means . 
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temperatures for all periods. Little difference among the maximum 
temperatures of the east or west aspects occurred during the first four 
periods. In August and September, the west aspect had greater maximum 
temper atures. 
Although the periods were analyzed separately, the 95 percent 
confidence intervals were similar enough to permit a comparison. The 
overall means for the periods from spring to fall t-rere 29, )0, 43, 45, 
)6, and 24 C, following the pattern of solar radiation. The overall 
temperatures at 1 p.m. were 48, 4;, 59, 62, 51, and 42 C, indicating 
that high soil surface temperatures were common on clear days from 
April JO to September 27. Highest temperatures for any aspect for the 
first to sixth periods were 52, 47, 64, 66, 57, and 53 C, respectively. 
Temperatures at 5 a.m. were essentially the same among positions 
Within a period, while at or after sundown the aspects approached the 
same temperature, With east aspects always lowest and west aspects 
always highest. Soil surface temperatures dropped sharply at sunset. 
Overnight recordings showed that within 1. 5 hours after sunset the 
temperature of all positions was already Within a few degrees of that 
obtained at the morning readings. Temperatures did not change from 
four hours after sunset until sunrise. 
Soil Color 
Analyses of variance for net radiation and soil surface temperature 
data of the 13 soils are shown in Tables 28 and 29. Mean data are shown 
in Tables 43 and 44. Soils arxi hours were highly significant. The means 
are shown in Tables JO and 31. 
Table 28. Analysis of variance of soil surface temperature data for six periods during 1968 . 
Source of Degrees of Mean sguares 
variation freedom April May June July August September 
Reps 2 1 .398 . 79** 5,240.90** 259 . 95** 507.48** 503.12** 5, 675.47** 
Aspect (A) 3 20.39 1,56.41** 66 .43** 25.41 43 . 03 187.69** 
Error (a) 6 8.15 15.88 3.94 27.33 30.50 4.27 
Position (P) 7 28 .06 410.41** 219 .44** 155.25** 88.01 201.54** 
AXP 21 113.34** 107.18** 48.42** 58 .37** 248.44** 730.58** 
Error (b) ,56 22. 22 16.59 7.45 10.21 46 .73 112. 69 
Hours (H) 14 19 ,664. 36•• 14, 101.07** 17,954.55** 21 ,038.34** 18,269.62** 21 , 855. 09** 
HXA 42 16.11** 21.06** 19.92** 19.39** 47.04** 33.05** 
H X P 98 7.10 7.83 10.89** 6.59 9.63 10.68** 
H X A XP 294 53.02** 60 .01** 70 .91 ** 68 .80** 96 .25** 97.96** 
Error (c) 896 7. 27 10 . 09 3. 06 5.84 12.07 5.98 
Total 1439 
* Significance at P.05 • 
•• Significance at P.01. 
N 
"' 
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Table 29. Analysis of variance for net radiation received by 13 soils 
from the two habitat types and the control areas, 
Source of variation 
mocks 
Soils (S) 
Error (a) 
Hours (H) 
S X H 
Error (b) 
Degrees of freedom 
1 
12 
12 
12 
144 
494 
Total 675 
Mean squares 
0.0033 
0,0197** 
0.0020 
2.2152** 
0,0010 
0,0027 
Table 30. Analysis of variance for soil surface temperature of 13 soils 
from the two habitat types and the control areas. 
Source of variation Degrees of freedom Mean squares 
Blocks 1 4.97 
Soils (S) 12 635.40** 
Error (a) 12 8.02 
Hours (H) 12 14,374.22** 
S X H 144 45.05 
Error (b) 832 50.30 
Total 1013 
Net radiation increased to a high at noon, Soil surface temperature 
followed the same pattern, although it did not decr ease as rapidly from 
noon to mmset. 
Mean daily net radiation received by the soils varied from 0.26 to 
0,33 langleys per minute. Mean daily soil surface temperatures ranged 
from 31 to 40 C among the soils. The higher net radiation and soil 
surface temperatures were measured on the darker subsoils from the 
gully plug throws, especially from the Atriplex cor rugata area. The 
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Table 31. Net radiation and soil surface temperature means for the 
13 soils from the t'WO habitat types and the control areas. 
Net radiation Soil surface 
Position on (langleys_per minute) tempera_iure (C) 
structures CI = X ± 0.01 CI=X±1 
Atriplex nuttallii var nuttallii 
5 0.28 32 
0. 28 32 
4 0.30 36 
4 0.30 38 
Atriplex corrugata 
5 0. 28 33 
5 0.30 33 
0. 30 33 
4 0.32 37 
4 0.33 40 
Control area 
5 0. 26 31 
0. 26 31 
4 0. 30 36 
4 0. 30 35 
lowest values were found on the soil taken from the gully plug catchment 
basins from the Atriplex nuttallii and control areas. 
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Table )2. Net radiation and soil surface temperature means during 
daylight hours for the 1) soils. 
Net radiation Soil surface 
(langleys_per minute) tempera,iure (C) 
Hour CI = X ± 0.01 CI = X ± 2 
6 o.oJ 9 
7 0.07 1J 
8 0.22 22 
9 0.)2 )2 
10 0.45 J8 
11 0.5) 45 
12 Noon 0.55 48 
0.5) 50 
2 0.47 48 
J 0.)8 46 
4 0.19 40 
5 0.09 )2 
6 -0.02 25 
Evaporation 
Analysis of the evaporation data taken during the summer of 1968 
showod that only among months were there any significant differences 
(Table JJ). Water losses for the first to sixth periods were 4.4, 4.5, 
5.6, 4.8, ).1, and ).1 mm per day, respectively. This would at first 
seem to be directly related to the amount of radiation received; however, 
the aspect X position interaction was not significant, even though the 
confidence interval for those means was X± 0.42 mm per day. 
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Table 33. Analysis of variance of water loss from miniature lysimeters 
qy evaporation on erosion control structures. 
Source of variation Degrees of freedom 
Reps 
Aspect (A) 
Error (a ) 
Positions (P) 
PXA 
Error (b) 
Month (M) 
Error (c) 
M X P 
MXA 
M X A X P 
Error (d) 
Total 
• Indicates significance at P.05. 
•• Indicates significance at P.01. 
3 
3 
7 
21 
28 
5 
5 
35 
21 
105 
155 
383 
Mean squares 
5.777 
1.748 
1. 781 
0.324 
0.644 
0.571 
2.218 
0. 533 
0.857 
0.478 
0.548 
130 
DISCUSSION 
Phenology Study 
The results of the phenology study were in agreement with the 
increase in plant production near furrows measured Qy others (Hubbard 
and Smoliak, 195:3; Dickenson, Langley, and Fisher, 1940; Branson, Miller, 
and McQueen, 1966). Only Nichols (1964) made visual note of the greater 
vigor and seed set of Atriplex nuttallii growing near furrows. From 
soil water storage measurements taken by Hancock (1968) in the communities 
near Cisco, the results from the phenology study could be extrapolated to 
plants growing near the gully plugs as well. A pilot study in 1968 of 
the root habits of the Atriplex shrubs indicated a lateral spread of 
over 1 m from the base of the plant . Thus, water could be utilized 
from at least this distance. 
Furrowing hastened initiation of spring growth for the Atriplex 
species, but not for the ~ jamesii, because the latter is a warm 
season plant. This early spring growth would make more efficient use 
of available moisture, as the evapotranspiration rate is much lower at 
this time of year (Table 11). The !!.. jamesii , although not responding 
to moisture in the early spring , r esponded quickly to rain from summer 
thunder showers because of its relatively shallow rooting system 
(Moore, 1969) and the relatively high infiltration rate of the soil 
in this area (Coltharp, 1968). 
The phenology ratings showed that furrowing was conducive to longer 
photosynthetic periods during the summer and late fall . This was 
probably due to moisture retention by the erosion control structure, 
since phenology of the furrowed pl ants appeared to be related to 
rainfall . 
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The phenological scores comparing furrowed and control plants of 
Atriplex confertifolia were not as great as the other two Atriplex 
species during the summer, probably due to the higher infiltration 
capaci ty of the surface soils where this species occurred and the 
resultant lower runoff into furrows (Coltharp, 1968) . Insect damage 
may also have been a contributing factor in nullifying aey difference 
between scores. Nysius ~ (Schill), known as the false chinchbug, 
ate the leaves of both furrowed and control !.._ confertifolia shrubs. 
Greater plant vigor resulted in a greater yield of larger seeds 
from furrowed shrubs. Only the strongest seedlings , produced fran 
larger carbohydrate supplies within the seed, would be able to exploit 
the soil moisture at the time of establishment. 
Since little is known about the longevity of these species ' seeds, 
it must be assumed that the production of more viable seeds would 
enhance the indigenous species' invasion of available niches. Established 
native species in the immediate area of the erosion control structures 
would ensure a more constant viable seed source from year to year. 
This seed source becomes more important when introduced species fail 
to establish or establish only sporadically. Agropyron cristatum was 
the only introduced species that established to aey extent, and this 
establishment was restricted to the Atriplex nuttallii habitat type. 
Although seedheads were formed on the introduced species, casual 
observation indicated few if any fully mature seeds. 
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Even though a constant seed supply eXists , the microenvironment of 
the erosion control treatments was not uniformly ideal for seedling 
establishment . 
Seeding Trials 
The emergence of a few Atriplex seedlings in the spring of 1968 
showed that there were viable seeds of indigenous species in the soil, 
and that these species could invade the erosion control structures in 
time. Although seed from perennial indigenous species was moved into 
the gully plugs and furrows by runoff water , there was no large count 
of seedlings in these positions. This could have resulted from 
inhibitory substances in the bracteoles as described by Vest and 
Cottam (1953), the lack of viable seeds, or the drowning of young 
seedlings. 
The introduced AgropYron cristatum emerged mainly in the spring, 
rather than the summer or fall, and only in 1968 was there sufficient 
moisture for growth. The previous year there was no substantial soil 
moisture from mid December until late May and therefore little or no 
emergence. 
Volunteer seedlings emerged in much greater numbers and provided 
competition for the introduced grass. Spring seedling counts were 
sufficient for a good stand of grass at any aspect or position with 
the exception of the downhill portion of the gully plug throw. Summer 
counts were always lower than spring counts, and survival rates were 
different at different positions. 
In the bottom of the gully plugs, there were similar numbers of 
grass and volunteer seedlings, but the numbers were lower than at other 
posit i ons, Seedlings here were affected by the physical soil charac-
terist i cs of high bulk density due to inundation by clay and water 
f ollowing rainstorms. Transported material to this position has been 
133 
5. 71 and 1. 31 em per year in the !,_ nuttallii and &.. corrugata areas, 
respectively (Thomas, 1969). At Position 2 there were many volunteer 
and grass seedlings surviving , probably due to t he added moisture 
following late spring rains. At Position 3, there were few grass 
seedlings, but as many volunteer seedlings as in Position 1, These 
seedlings probably received some extra moisture from summer rains as 
well, Position 4 had very few seedlings that even emerged in the spring, 
and none survived into the summer. Positions 5 through 8 had similar 
values for volunteer seedlings , but Position 6 had three times more 
grass seedlings than the others, probably due to some shallow winter 
storage of moisture. The earlier emerging grass seedlings used this 
moisture for establishment. 
Grass seedlings had higher emergence and survival numbers in the 
!,_ nuttallii habitat type , whereas in the &... corrugata area the volunteer 
seedlings had an advantage. This could have been due to the difference 
in salinity between the two areas . 
These quantitative counts of establishing seedlings bore out the 
Visual observations of surviving Agropyron cristatum, introduced when 
the erosion control t reatments were constructed . Since the counts in 
this study were made only in the spring and early summer, factors 
such as the lack of late summer rains , the build- up of salinity, and 
high soil surface temperature as measured in other studies continued to 
affect the seedlings during the summer and fall. 
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Soil Surface Moisture 
Following summer rainstorms, greatest soil moisture was found at 
Position 1 for the Atriplex nuttallii habitat type. Since the gully 
plugs had large drainage areas , ponded water in this area remained for 
over a week after a summer rainfall of 2. 54 em. Evaporation from this 
position could be expected to be comparable to the rates measured by 
the U. S. Weather Bureau at Green River, Utah (Table 11). 
If the soil had been of coarser texture, infiltration and storage 
would have been greater , but the fine material transported to this 
position tended to reduce infiltration. Infiltration rates of O.J mm 
per hour were measured in this position . At Positions 2 and 6, water 
did not stay on the surface for more than two days, at the end of which 
time the soil was at approximately field capacity. ~the seventh day 
following a storm, the soil moisture level was approaching the 15 
atmosphere percentage. 
At the remaining five positions , even two days following the rain-
storm, the soil moisture was at or below the permanent wilting percentage. 
This showed that the slopes of the erosion control structures aided in 
preventing infiltration, even though the shale material brought to the 
surface was highly structured. Small rills were found on these slopes, 
indicating runoff, 
Since the rainfalls on the Atriplex corrugata area contributed less 
moisture, the data could not be compared directly to that of the ~ 
nuttallii area, The position X time X depth interaction , however, 
showed the same general pattern in both areas, 
The two significant interactions from the analysis of the data from 
the ~ corrugata area that include aspect must be considered in light of 
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the evaporation results obtained during the summer of 1968, Since 
evapo ration from different aspects and positions was not significantly 
different, the effect of aspect in the soi l surface moisture study must 
have been due to unequal catchment and/or infiltration. 
The longer the positions were moist following summer rains, the 
greater the chance that seedlings already established would be able to 
grow. It appeared that only at Positions 1, 2, and 6 was water available 
for a few days following summer rain. Drowning occurred at Position 1, 
since water was held for up to a week following a rainstorm, especially 
in the ~ nuttallii habitat type. 
Recording raingauge data reported up to three rainstorms per month 
during the summer. If runoff occurred in most storms, seedlings could 
receive somewhat more regular moisture in Positions 2 and 6 than at 
other positions. Long term precipitation records showed that 6. 97 om 
of the total annual 16.2.3 em fell from April to September, With two 
thirds of the former received during April, May, and September in equal 
amounts (Table 1). 
Perennial vegetation such as Agropyron cristatum, even if it 
required much more soil moisture than the indigenous shrubs, could grow 
well in Position 2. Some roots would penetrate into the soil below the 
gully plug catchment basin to use the moisture, yet not suffer from 
drowning effects. 
The summer rains and the resulting shallow storage of moisture 
interacted With soil physical and chemical properties to affect the 
establishment of seedlings. 
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Physical Characteristics of Soils 
The soil water holding capabilities of the Atriplex nuttallii soil 
agreed with data taken by Ibrahim (196J), rut he found a saturation 
percentage almost JO percent higher i n the Atriplex corrugata area 
(Table JJ), Since the erosion control structures often did not 
penetrate through the entire soil profile and the gully plugs were 
built in the gullies, the sand component w:>uld have been higher in the 
present study than in Ibrahim 's. 
When the erosion control structures were put into the ~ nuttallii 
and ~ corrugata habitat types , the soil profile was disturbed, especially 
at the gully plug and furrow throw. This brought coarser material from 
lower in the profile to the surface. In the gully plugs, the sandy 
material from the original gully was incorporated into the throw as 
well, This churning of the soil profile produced greater differences 
in the ~ nuttallii soil because of the less uniformly textured profile. 
Moisture holding ability decreased with depth in this habitat type and 
reflected an increased proportion of coarser textured material with 
depth. 
After construction, overland water flow deposited finer textured 
material in Positions 1 and 6. The moisture holding ability of the 
surface soil was lower than that of the 10-20 em depth at Positions 2, 
J, 4, 7, and 8. This implied that material had been moved deeper into 
the soil, which left the coarser textured material on the surface. 
Although the soil water available to crop plants is generally 
accepted to be between 1/J and 15 atmospheres pressure, this does not 
hold for all plants (Sykes and Loomis, 1967) . Plant moisture stress 
values measured by the pressure bomb method in Utah have exceeded 80 
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atmospheres pressure during the summer for ~ confertifolia and ~ 
~· Very few measurements on these plants, even in the spring, 
were below 20 atmospheres pressure (Love, 1969). In view of the ability 
of desert shrubs to obtain water at these tensions, the total moisture 
percentage qy weight as presented here is meaningful, and the catchment 
areas containing the fine textured soil may provide more water to drought 
tolerant species. 
For introduced species with lower internal osmotic pressures than 
salt desert shrubs, the differences between 1/3 and 15 atmospheric 
pressure values are more important. In this case, the available 
moisture among positions and depths was not as great. Thus, there may 
not be a much better moisture regime for establishment among positions 
when low salt tolerant plants are considered. 
Bulk density values reflected soil structure differences and rM1ged 
from low values in the throws of the erosion control structures to very 
high values in the subsoil. 
The low values of 1.1 to 1.3 g per cm3 showed that the shale had 
retained its platy structure four years after disturbance in the ~ 
nuttallii habitat type and six years after disturbance in the ~ 
corrugata habitat type. This highly structured material would have 
been conducive to high infiltration rates, had it not been for the steep 
slopes of these positions. 
The nonstructured, finely textured material in the bottom of the 
gully plugs and furrows was reflected in bulk density values of 1.3 to 
1.5 g per cm3. These values were greater than those of the disturbed 
positions. 
At the J0-40 and 50-60 em depths in soil not distrubed ~ construc-
tion equipment, values reached a high of over 1.7 g per emJ. Such 
values in fine textured subsoil reflected restricted permeability {U. S. 
Salinity Lab, 1954). Veihmeyer and Hendrickson (1946) found restricted 
root penetration in gravelly loam soil with a bulk density of 1.8 g 
per emJ. This restricted permeability helped, in part, to explain the 
fact that there was little water storage below 45-60 em (18-24 in) 
around the erosion control structures (Hancock, 1968). Water held after 
rainstorms usually evaporated. There was, however, some evidence that 
water tables do exist in some of the older treatments around Cisco. 
Two plants seen groWing in a few gully plugs and which usually indicate 
ground water storage were ~ pentandra and Sarcobatus vermiculatus. 
Chrysothamnus viscidiflorus and Phragmites communis have also been 
observed growing in older gully plugs. 
Chemical Characteristics of Soil 
Runoff water trapped in sample bottles during summer rains in 1967 
and 1968 had electrical conductivities of about 400 to over 1,700 
micromhos per em. The lower values were obtained from the Atriplex 
nuttallii area and the higher values from the Atriplex corrugate area. 
The U. S. Salinity Lab (1954) indicated that irrigation water in the 
range of 750 to 2,250 mmhos per em, used where drainage was inadequate, 
resulted in salt accumulation. Hancock 's (1968) conclusion that water 
was not stored below 18 inches in the erosion control structures 
suggested that salt has built up in the catchment basins of gully plugs 
and furrows, especially in the ~ corrugate areas. 
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To explain the movement of salts in this experiment, it is impor-
t ant to know that from January 1, 1967, until the summer sampling 
period, the~ nuttallii habitat type received 13.7 em of precipitation, 
while the~ corrugata habitat type received only 8,1 em (Table 9), 
After the summer sampling, the ~ nuttallii and ~ corrugata areas 
received 7.1 and 8.9 em of precipitation, respectively, until the spring 
sampling on March 17, 1968. All of this moisture came as snow, beginning 
on December 15, 1967, and then began to melt, slowly, with almost no 
runoff about the end of January, 1968, 
Table 42 indicates that soil sampling in the spring of 1968 was 
done before the soil had dried out. This spring soil had over 12 percent 
moisture by weight, whereas summer values were below 5 and over 6 percent 
for the ~ nuttallii and ~ cor rugata areas, respectively. Overall 
depth means showed a lower moisture percentage at the 0-5 and 50-60 em 
depths than at the other two sampling depths . 
Measurements of pH followed the general pattern of percent salt and 
electrical conductivity. Values ranged from 7, 5 to 8,3 , Other wo rkers 
have found that pH values around 7. 5 indicated small amounts of alkaline-
earth carbonates (calcium carbonate and magnesium carbonate) and an 
exchangeable-sodium-percentage of less than 15. Values near 8,4 
indicated the presence of alkaline-earth carbonates and an exchangeable-
sodium-pe rcentage of 15 or more (U, S. Salinity Lab, 1954). These high 
values were found principally in the deeper soils of the ~ corrugata 
area, especially at the undisturbed profile or under the furrow, 
Measurements by Ibrahim (1963) compared favorably with the pH in 
the present study in the ~ nuttallii habitat type, In the ~ corrugata 
area , however, Ibrahim measured pH values up to 8, 7 at the equivalent 
depth of t he lowest depth in the present study, 
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Percent salt ranged from below 0.2 to atout 0.5, although some raw 
dat a were as high as 2.0. The pattern was similar to and served as a 
check for electrical conductivity. 
Electrical conductivity of the soil saturation extract generally 
increased with depth. Ibrahim (196J) showed higher values for the lower 
part of the k, corrugata soil profile. Since his study involved a 
greater area, the area in the present study may be atypical of the 
larger area. 
There was also evidence of salt movement with season. Higher spring 
electrical conductivities in the k nuttallii area could be attributed to 
movement of salt up toward the soil surface after heavy rainfall the 
previous summer. The spring snowmelt was apparently insufficient to 
leach this salt deeper into the profile. In the k, corrugata soils, 
lower summer rainfall, and heavier winter precipitation produced 
opposite results. 
At Positions 2 and ?, salinity was greater in the summer, probably 
due to runoff water moving upward b,y capillary action. The water 
evaporated and the salt was left on the soil surface. Gully plug 
positions had lower electrical conductivity values than furrow positions, 
and ooth structures had lower values than the control. If these differences 
were due entirely to leaching action, Positions J and 4, where water 
penetration was shallow, should have had values at least as high as 
Position 5. This was not the case. Apparently, the soils under and 
on the side of the original gully had been leached somewhat before the 
gully plug was constructed, whereas the soil of the hillslopes where the 
furrows were constructed had not been leached. 
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Electrical conductiVities ranged from 2 to 15 mmhos per em, with 
the l ower values found in the 0-5 em soil depth at all positions and at 
Position 1 at all depths. The effects of salinity on plant growth in 
the lower part of this range were mostly negligible, The higher values 
were found in the undisturbed soil profile and under the furrows of the 
A. corrugata soils. These salt concentrations would affect growth 
markedly. The U. S. Salinity Lab (1954) stated that above 16 mmhos per 
em only a few very tolerant crops yielded satisfactorily. 
It appeared, then, that young seedlings were not affected b,y salinity 
at the time of establishment, but as roots grew deeper, salinity became 
a factor in longevity, especially in the furrows of the ~ corrugata 
habitat type. This helped to explain why grasses from the original 
seedings are now found only at Positions 2 and 6 in the A, nuttallii 
area and only at Position 2 in the ~ corrugata area, 
From the distribution of annual precipitation in the Cisco area 
(Table 1), it appeared that salts would be leached lower into the soil 
in the spring and fall, This study proVided evidence that spring was 
not necessarily the time of minimum salt in the surface soil if .winter 
precipitation was low, 
Although sodium concentration followed the same general pattern 
as electrical conductivity, it did provide some additional information, 
From the U. S, Salinity Lab (1954) tables that convert meq per liter to 
E.C. x 103, it was found that in the ~ corrugata area the sodium and 
electrical conductivity measurements were similar. This indicated that 
a high proportion of the salts were sodium compounds, In the ~ nuttallii 
soil, sodium salts did not constitute as great a percentage, and as a 
result did not show much movement with season, This difference in 
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sodium salt content of the two soil types agreed with Ibrahim (196J). 
As expected, the seasonal movement of sodium salts was more pronounced 
than that of all salts in general , as measured by electrical conductivity. 
Greatest seasonal movement was found at Positions 2 and 5. This can 
be explained by the fact that winter and spring precipitation, as snow 
and low intensity rainstorms, infiltrated relatively evenly at all 
positions, although somewhat more at the control than at the sloped 
positions. At the control and Position 2, evaporation of the spring 
moisture moved salts closer to the surface. Also, summer runoff water, 
held in the gully plug, moved up the throw and deposited salt as the 
water evaporated. There did not seem to be any appreciable sodium salt 
build up at Position 7, as might be expected. As in the electrical 
conductivity data, the control soil profile had the greatest salt 
concentration. The soil under the furrow had less salt, and the soil 
under the gully plug had still lower levels. 
The high sodium levels indicated that soils in the b.,_ corrugata 
area may have become dispersed and puddled, which caused poor aeration 
and poor water permeability. Nutritional disturbances have also occurred 
in some crops where high sodium levels were found (U. S. Salinity Lab, 
19.54). High levels of sodium salts would not likely be a problem with 
the invasion of the structures by indigenous species, but could be a 
factor for the introduction of exotic species. This may explain, in 
part , why there was poor seedling survival in this area. The soil 
structure and nutritional problems would be of greater magnitude in 
the furrows of the ~ corrugata habitat type. 
The almost negligible levels of salt under the catchment area of 
the gully plugs appeared to conflict with Hancock's (1968) findings 
that water was not stored below 45 em (18 in). If moisture did not 
penetrate below this depth , a salt build up could be expected. No 
build up was found. 
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A pilot study of paired infiltration rates using cylinders offered 
an explanation. 1be soil in the bottom of the gully plugs and the 
original shale subsoil exposed a short distance up stream from the 
gully plug were used. The gully plug bottom soil of the !.. nuttallii 
habitat type had an infiltration rate of only 0.3 mm per hour. This 
was significantly lower than the rate of 2.1 mm per hour found on the 
original shale subsoil. 1be infiltration rate of the A. corrugata soil 
was 0.9 mm per hour for both the bottom of the gully plug and the 
original shale subsoil. All rates were below the 2.5 mm per hour 
regarded as the minimum rate for successful irrigation (U. s. Salinity 
Lab, 1954). It would seem that just after construction of the gully 
plugs, the water trapped in the !.. nuttallii area gully plugs moved 
deep into the subsoil and carried the salts with it. As more fine clay 
accumulated on the gully plug floor during the next few years, infil-
tration decreased. During summer rainstorms, water ran down through the 
cracks in this fine clay material , where it then shallowly penetrated 
the shale subsoil. As the fine clay material swelled, it essentially 
sealed off the water supply to the subsoil. The ponded water largely 
evaporated in this arid environment. Hancock (1968) obtained his data 
at this stage. 
Since there will continue to be very low infiltration rates in the 
gully plugs , and to a lesser extent in the furrows, salt build up appears 
inevitable. Furrows may silt in and breach, however, before a salt 
build up occurs. In the large gully plugs, such as those in the h 
1~ 
nuttallii area, or in very salty soil, a salt build up could occur before 
the gully plugs fill with sediment to a level where breaching occurs. 
From the long term point of view of plant growth and salt accumu-
lation, the gully plug would be essentially self destructive in soils 
of saline-sodic nature, because the salt desert shrubs will continue 
to bring salts to the surface, and runoff water will bring them into 
the erosion control treatments. 
Net Radiation 
The positions on the structures received differing rates of radiation 
during the daylight hours. As the sun rose in the morning, the east 
aspect received the most radiation, while in the afternoon the west 
aspect received the most radiation. The north aspect always received 
the least net radiation. These aspect differences were smaller in June 
but increased toward the first and sixth periods. 
Although net radiation over the bottoms of the structures and the 
undisturbed soil surface were similar, the bottoms reflected less 
radiation because of either slightly more moisture and/or a higher 
thermal conductivity of this packed shale. 
Within the aspect groupings, the gully plug positions received more 
radiation because they were constructed of dark shale from deeper in the 
soil profile. The furrow positions were constructed from the lighter 
soil closer t o the surface and thus reflected more radiation. 
The highest net radiation measured in May resulted from a rainfall 
on May 12 (Table 7) and from the great number of cumulus clouds that 
increased the incoming radiation. 
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The lowest readings measured in July were due to high, thin clouds 
that decreased the incoming radiation. 
Since the soil at the positions was not covered with vegetation and 
was dry, the energy measured as net radiation was lost to the air by 
convection, moved into the soil profile, or increased the soil surface 
temperature. 
If the soil was wet , the albedos wuld be lower and the net 
radiation wuld be greater, but the differences between aspects ~uld 
exist. It would be expected that potential evaporation would be in 
proportion to the radiation received (Van Bavel, 1966). 
Soil Surface Temperature 
Soil surface temperatures exhibited a pattern similar to net 
radiation with respect to aspect and position of the structures for the 
six measurement periods. There was no significant difference between 
temperatures in the bottom of the gully plugs, furrows, or the control 
soil surface because runoff water was diverted from the structures, 
leaving these positions dry. Slightly lower temperatures occurred in 
the bottoms of the structures early in the morning and late at night 
because of shading by the structure. Within each aspect, the slopes 
of the gully plugs and furrows were different, as shown in Table J. 
There was no significant difference in temperature between the gully 
plug and furrow positions within an aspect. Apparently the heat stored 
in the soil did not vary appreciably and the daytime temperatures masked 
any difference. Variation in the soil slopes and the color of the subsoil 
brought to the surface during construction further confounded results. 
Although both air and soil surface temper atures were highest in 
July, the soil, particularly on the southern exposures, reached very 
high temperatures from early May to late September. No position 
escaped high temperatures around 1 p.m. in July. 
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Night soil surface temperatures indicated that the frost hazard was 
great early and late in the season. Seedlings establishing on south and 
west a spects could be exposed to freezing temperatures before sunrise 
and then .50 C during the day. These extremes of temperature have caused 
damage to tree seedlings (Vaartaj a , 1949; 1954). 
The highest soil surface temperatures for an aspect usually lasted 
three to four hours. For each of the periods studied, the maximum 
temperatures reached well above 4Q C, while the June 19-23 and July 19-23 
temperatures were above 60 C. These temperatures exceeded the usual 
upper thermal limit of 45 to 55 C for plant tissue studied by Lange 
(1965) and Konis (1949). Forty degrees Celsius has been listed as the 
maximum temperature for germination of crop seeds {Mayer and Poljakoff-
Mayber, 1963), Atriplex species (Beadle, 1952) , and Agropyron species 
(Ellern and Tadmor, 1966). 
Although dry seeds can tolerate very high , short term temperatures, 
Barbour ( 1968 ) and Capon and Van Asdall ( 1967) demonstrated that some 
desert species lose the ability to germinate when exposed to over 70 C 
for seven days. This implied that seeds in the surface soils 'WOuld lose 
tho ability to germinate, even if they remained dry. 
Since soil surface temperatures were read on only three days for 
each period, it was not known if the highest temperatures were measured . 
During 1968 , air temperatures were generally cooler than the long term 
maximum temperatures (Tables 1 and 11). This was due to the high 
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proportion of cloudy days. On the cloudy and/or windy days, the soil 
surface temperatures were much closer to air temperatures, Rainfalls, 
as frequent as three per month (Table 7), also lowered soil surface 
temperature. Due to the differential retention of water, the positions 
could be expected to heat up at different rates, First the throw, next 
the control, then Positions 2 and 6, followed by the gully plug bottom 
would dry and reach high temperatures. The latter position might remain 
cooler up to a week after the rain. 
Soil Color 
Net radiation and soil surface temperature of the 1) soils compared 
favorably with those of the undisturbed soil surface near the erosion 
control structures. It appeared that the differences found could be 
extrapolated to the two habitat types. The dark, shale subsoil brought 
to the surface during construction had higher net r adiation readings 
and reached a higher temperature because of its low albedo . Gully 
plugs constructed of deeper, darker shale would have higher net radiation 
and higher soil surface temperatures, and thus constitute a harsher 
enVironment for seedling establishment. Furrows constructed of lighter 
colored surface soils would have lower net radiation and lower soil 
surface temperatures. The control soils would have the lowest net 
radiation and soil surface temperatures. 
Both habitat types probably have higher net radiation and soil 
surface temperatures in the enVirons of the erosion control structures 
than the control area. It must be cautioned, however, that the magnitude 
of the differences between soils may not be as great during periods of 
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very high soil temperatures, such as those in July. At this time, the 
loss of heat qy convection may mask differences in absorption. 
Evaporation 
The evaporation values obtained in this experiment were lower than 
evaporation from open pans at Green River, utah (Table 11). The latter 
was the only data available that might represent potential evaporation 
for the study area. The lower values resulted from drying of the soil 
surface, which reduced the hydraulic conductivity, and at least in part 
from the presence of salt in the soil (Bonython, 19.58; Hide, 19.54; 
Milthorpe, 1960; Viehmeyer and Brooks, 19.54). 
The values obtained were probably more indicative of actual water 
loss in the plant communities following summer rains, than of potential 
evaporation which is measured from soil maintained at field capacity. 
Field capacity was not reached during Hancock's (1 968 ) study, nor 
in the present study, except in the bottom of gully plugs and furrows 
for a short period of time following rains. Water would be lost from 
these structures at the rate of up to 7.5 mm per day (Table 11). 
The soil moisture of 15-20 percent qy weight used in this evaporation 
study was between 1/J and 15 atmospheric pressure, which approximated 
high moisture conditions in the field. The evaporation values obtained 
in this study cannot be compared to the two habitat types without 
restrictions. The "oasis effect" was not studied , and the moisture 
distribution within the evaporimeters would not be the same as in the 
soil profile outside the container. 
Water was lost equally from all positions and aspects. Either the 
hydraulic conductivity of the soil was the limiting factor, or vapor 
1~ 
pressure deficit and air flow were stronger influences than the radiation 
received. The radiation received by the control soil and the four 
cardinal aspects was significantly different during the daytime 
(Table 27 ). The energy required could have come from the air, as 
described qy Sellers (1964, 1965). Since evaporation increased to a 
maximum in June, and then decreased, as did the air temperature (Table 12) , 
the use of heat from the air appeared likely. 
This work suggested that soil surface moisture could not be predicted 
on the basis of aspect following rains, if each aspect received equal 
amounts of rainfall. Water loss from north aspects would be as great 
as from south aspects, and plants could be subject to droughty conditions 
at similar times following rainstorms. This could be very important to 
germinating seeds in the spring , following snowmelt or low intensity 
spring storms, that infiltrate more evenly on all parts of the erosion 
control structures. 
On the structures in the two habitat types, the color of the soils 
exposed on the throw positions was darker. Although these soils were 
not included in the evaporation study because soil color differences 
would confound the microenvironmental influences, it would be expected 
that evaporation might be greater from soils with the lower albedos. 
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SUMMARY AND CONCLUSIONS 
The phenology study indicated that indigenous species, especially 
the Atriplex nuttallii and Atriplex corrugata, benefitted by the proximity 
of erosion control structures, Increased vigor was reflected in increased 
P,lant diameter, height, and seed yield and size. The latter proVides a 
more constant seed source for the area. Even though seedlings from 
either indigenous or introduced species emerged at any position on the 
erosion control structures, only those at the high water-line of the 
gully plugs and in the bottom of the furrow surVived. Seedlings were 
drowned in the bottom of the gully plugs. Summer rain was insufficient 
to aid survival in the remaining positions. Seedling emergence was 
retarded by the nonstructured, fine textured material moved by overland 
water now and deposited in the bottom of the sturctures. Established 
seedlings were buried by this soil deposition. These factors nullified 
any advantage of the higher moisture holding capacity in the bottom of 
the gully plug. 
In the furrow bottom where less soil accumulated, grass probably 
benefitted from the extra moisture holding ability of the soil. The 
high bulk density values obtained under the water retention area of 
the structures suggested low water permeability, but apparently enough 
water moved down through the soil to transport salt, 
The measurements of pH, percent salt, electrical conductiVity, and 
sodium concentration showed that the salinity microenVironment has been 
changed so drastically from the unaltered soil profile that many less 
salt tolerant species could grow around the erosion control structures. 
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Salt did move in response to seasonal precipitation , but not always 
in the spring when seedlings establish. Before construction, the soil 
in the environs of the gully had been partially leached. Thus, the 
gully plug throw had low salt levels at the .50-60 em depth. Since 
construction, leaching has occurred at all depths in the bottom of the 
structures, but only the surface soil of the throws. There was only 
limited evidence of a salt build up in the structures four to six years 
following construction, but this does not mean that salt will not 
accumulate in the future. Older structures in other areas have shown 
a salt build up. 
Superimposed on the moisture regime and the soil characteristics, 
net radiation and soil surface temperature affected establishing seedlings. 
Net radiation at a given position depended upon the angle of the 
sun and on the color of the soil. Net radiation was relatively constant 
throughout the summer, but somewhat higher when the soil contained more 
moisture , and somewhat lower during cloudy weather. 
Soil surface temperature followed the same general daily pattern 
as net r adiation , but with a noticeable lag. Temperatures above the 
critical level for plant tissue were measured from l ate April until 
late September in all positions . Thus, unless the establishing seed-
lings have sufficient moisture, they will not tolerate these tempera-
tures. At the beginning and end of the growing season, freezing tem-
peratures before sunrise, followed by critical temperatures for plant 
growth during the day may also destroy seedlings. 
Microenvironmental differences in soil water evaporation oould not 
be demonstrated among aspects and positions. Water loss did not follow 
net radiation differences between aspects. It was thought that air 
movement nullified the differences in radiation received, or the low 
hydr aulic conductivity of the soil, restricted water movement to the 
soi l surface. 
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This microenvironmental study not only pointed out the harsh nature 
of this southeastern Utah desert, but also indicated that a more favorable 
microenvironment can be created. Alterations of the terrain such as 
gully plugs and furrows can create microsites where exotic species 
could survive. Even in these microsites, it was evident that plants 
established and developed in cracks in the soil that represented even 
smaller, apparently more favorable microenvironments . 
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APPENDIX 
Table 34. Mean values for soil characteristics of the different horizons in the two habitat types 
(adapted from Ibrahim, 1963). 
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AtriJ2lex A1 7.1 7.6 0.)1 9 0.12 2. 84 J6 17.84 33 39 39 
nuttallii Ccs 30.5 7.5 0.33 3 0,11 3.06 50 28.64 14 40 57 
var. R 53.3 7.7 1.56 11 0.29 7.30 43 22.00 19 44 52 
nuttallii-
~ Average 7.6 0.73 8 0.1 7 4.40 43 22.83 22 41 49 jamesii 
A1 12.2 7.8 1,24 15 0.28 5.91 42 18.87 17 45 52 
B2 34.8 8.4 9.45 41 1.46 18. 23 77 27.25 15 41 66 
AtriJ2lex A1,b 39. 6 8. 7 13.53 59 1.76 28.75 83 27.78 5 45 71 
corru~ata Csa 23.4 8. 7 9.36 44 2.25 51.35 79 26 .76 6 45 70 
R 35. 6 8.6 10.07 44 1,91 24.55 69 26,64 8 42 69 
Average 8.4 8.73 41 1.53 25.76 70 25.46 10 44 66 
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Table :37. Means of soil surface moisture on erosion control treatments, 
in the Atri£lex nuttallii habitat type, following summer rains. 
Time Two dS!s after JL4 inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 59.4 44.0 .39.0 59.2 4.3.7 .39.6 51.7 46.6 40 • .3 
0 2 29.8 29.7 26.4 2.3.0 26.5 24.2 24.0 21.1 22.6 
s 
.3 6.4 10.0 12.2 6.9 12.7 14.2 5.9 9.7 9. 9 
i 4 4.6 9.6 10.1 5.6 8.5 8.2 4.2 8.4 9.6 
t 5 9.2 14.7 15. 6 7.2 14.2 15.4 7.4 1.3.4 1.3.8 
i 6 18.9 2.3.5 2.3.4 20.4 24.0 2.3.9 19 • .3 24.6 2.3 .8 
0 7 7.4 1.3.2 1.3.0 21.2 12 • .3 15.4 8.2 15.0 15.0 
n 8 7.4 9.7 11 • .3 6.9 12.2 12.2 6.4 10.0 11 • .3 
Time Seven da~s after JL4 inch rai!lfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 12.8 18.8 21 • .3 11.8 18.7 22.9 1.3.4 26 .5 28.8 
0 2 5.0 12.8 17.7 4.6 12.5 14.2 7 • .3 14.7 17 • .3 
s 
.3 .3 • .3 7.2 12.7 .3.0 8.1 12.7 .3.0 6.2 11.1 
i 4 2.4 4.6 7 • .3 2.6 4.4 7. 5 2.8 5.0 10.0 
t 5 .3.6 7.8 15.2 4.2 6. 7 11.8 .3.2 7.6 11. 7 
i 6 4.7 14 • .3 16.7 5.1 11.4 15.1 4.6 10,0 12 • .3 
0 7 4.2 8.4 12.9 .3.9 6.9 11 • .3 4. 6 6.1 7.9 
n 8 4.7 6. 8 10.6 .3.5 4.9 7.8 .3.9 6.6 8.8 
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Table 37, Continued, 
Tillie Two da_rs after 1t inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 91.7 so.; 40.9 75.6 47.4 42.5 93.0 41,0 35.0 
0 2 29.3 29.1 33.4 )2.6 26,0 27.7 31.7 28.6 27.3 
s 3 4.5 9.0 10,4 4.6 9.) 7.2 ),2 6.2 5.5 
i 4 4.3 10,) 6,) 4.4 9.2 7.1 3.7 8.4 5.3 
t 5 5.2 10,0 8,0 4,2 5. 8 5.5 4.7 7.9 6.8 
i 6 20.4 22.5 20.) 19.8 20.9 22.5 24.4 2).4 20.4 
0 7 9.9 15.3 14.1 7.0 15.1 10.8 6,6 13.5 10.9 
n 8 6.5 12.6 9.7 4.8 12.0 6.) 4.8 10.7 6.8 
Tillie Seven d1lC£s after 1 t inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 104.7 so.6 42.4 96.0 .54.1 4).2 96.0 53.7 4),8 
0 2 14.1 22.0 21.8 16,0 22.7 24.6 18.6 22.1 22.5 
s 3 4,0 5.8 7.8 ),8 5.2 5.6 ),8 5.) 5.7 
i 4 2, 6 5.6 7.6 3.7 5.4 6.2 4.4 6.9 7.7 
t 5 4.5 7.3 8.2 4.8 7.0 8.1 5.2 7.0 8.7 
i 6 9.4 16.5 17.0 10.5 16,) 17.6 9.2 16.1 17.6 
0 7 5.1 9.2 9.6 4.8 7.1 8,8 4.5 8.9 9.6 
n 8 4. 6 6,8 7.7 4. 8 7.0 8.9 4.5 6.6 7.2 
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Table 38. Means of soil surface moisture on erosion control treatments, 
in the AtriElex corru~ata habitat type, folloWing summer rains. 
Time Two day:s after 1 LJ. inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 18.7 23.6 21.5 17.9 24.2 24.2 17.9 21.2 18.9 
0 2 12.2 15.8 11.4 12.6 18.4 15.1 15.6 19.9 17.2 
s 3 8.9 14.9 10.3 11.6 13.5 11.5 13.5 17.2 14.4 
i 4 9.6 10.8 11.2 9.2 12.2 9.3 15.1 17.2 14.9 
t 5 10.5 15.0 10.3 11.2 14.9 9.4 15.2 19.4 18.4 
i 6 14.9 21.5 18.9 14.9 19.0 16.4 19.5 22.1 19.0 
0 7 10.3 15.4 10.2 9.5 12.5 10.2 15.6 19.1 15.7 
n 8 9.8 13.0 8.6 10.4 12.2 10.5 16.3 17.3 14.9 
Time Seven d~s after 1 L2 inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 8.5 15.9 16.2 6.1 11.2 13.7 5.2 9.8 10.9 
0 2 3.9 7.4 9.1 4.9 8.0 9.0 3.4 7. 2 9.2 
s 3 4.4 7.7 8.6 4.4 6.9 7.8 3.6 5.7 7.2 
i 4 4.0 6.9 7.2 4.0 5.5 5.6 3.9 5. 6 7.7 
t 5 4.7 8.4 10.1 4.2 6.2 7.7 3.7 7.9 8.3 
i 6 6.3 13.6 14.3 6.1 11.9 13.8 4.2 9.1 10.7 
0 7 4.9 6.2 7.7 4.9 6.1 6.6 3.8 5.3 8.3 
n 8 4.4 7.4 6.5 5.0 6.2 6.4 4.0 5.3 6.6 
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Table )8. Continued. 
Time Two di!.zs after 1 inch rainfall 
Aspect East South West 
Depth 
( em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 71.0 54.4 53.8 76.9 59.6 50.5 73.3 55.1 50.3 
0 2 33.2 32.0 27.1 34.9 28 .5 26.1 26.1 28.5 27.7 
s 3 7.3 10.6 3;8 9.9 13.7 7.1 9.2 14.9 7.8 
i 4 8.5 11.4 4.7 7.4 8.8 4.1 8.3 8.6 6.4 
t 5 8.5 9.4 5.0 8.2 7. 8 5.0 9.3 10.5 6.3 
i 6 29.1 31.3 28.1 37.6 31.1 24.7 :36 . 6 33.2 29.9 
0 7 10.3 12.7 7.8 11.2 11,6 10,4 14.6 20.3 17.3 
n 8 9.1 12.7 5.0 7.3 9. 7 6.4 11.0 12.0 7.5 
Time Seven d~s after 1 inch rainfall 
Aspect East South West 
Depth 
(em) 0-5 5-10 10-15 0-5 5-10 10-15 0-5 5-10 10-15 
p 1 15.6 21.9 20.9 19.4 24.8 22.1 15.1 17.9 17.0 
0 2 12.9 21.2 20.4 9.4 16;1 20.1 10.6 17.8 19.9 
s 3 3. 0 7.4 7.8 3.4 5.8 7. 8 3.2 6.5 7.4 
i 4 3.7 5.4 6.4 2.3 4.0 4.4 3.3 6.3 7.9 
t 5 3.9 7.8 7.0 3.9 5.0 6.2 4.1 6.2 7.8 
i 6 7.2 19.1 17.3 11.0 16.8 13.2 12.6 17.7 17.3 
0 7 4.2 8.3 8.8 3.2 5.2 5.6 4.5 8. 2 9.8 
n 8 4.0 6.4 6. 8 2.8 4.2 5.0 4.0 6.5 7.2 
Table 39. Means of saturation, 1/3 atmosphere , 15 atmospheres soil moisture percentage, and bulk 
density around erosion control treatments in two habitat types. 
Measurement Saturation 1LJ atmo§Ehere 
Habitat type AtriElex nuttallii var nuttallii 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 50.30 41. 82 35.08 35.57 29.36 24.40 20.29 20.07 
0 2 38.26 29.17 )8.85 37.66 21.31 22.31 22.03 21.32 
s 3 37.74 37.34 38.60 )8.60 19.79 20.58 20.73 21.29 
i 4 37.20 36.65 37.72 37.39 19.84 19.91 20.30 20.39 
t 5 )8.86 40.12 36.74 36.59 24.36 21.92 19.33 19.87 
i 6 41. 82 39.48 36.67 )6.85 25.15 22.60 21.02 20.02 
0 7 40.21 40.63 40.18 )8.)6 23. 81 23.51 22.17 21.24 
n 8 40.87 40.33 39.66 )8.68 23.14 22.51 21.58 21. 67 
Habitat type AtriElex corru&ata 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 48.68 41.72 36.)8 39.08 29.67 23.72 23.34 23.60 
0 2 38.59 40.58 40.52 )9.11 22.91 25.04 24.74 24.48 
s 3 38.57 42.37 40.62 41.08 22.84 25.06 25.78 24.58 
i 4 30.20 39.60 40.11 )8.25 22.97 23.76 24.62 24.55 
t 5 40.27 42.23 41.06 38.37 24.00 25.79 24.62 23.96 
i 6 41.11 43.14 39.96 )8.)8 24.94 25.84 24.18 23.29 
0 7 39.99 44.38 41.28 39.66 24.67 26.07 24. 87 24.77 
n 8 40.24 42.31 44.08 32.08 24.25 25.98 25.51 24.48 
~ 
Table 39, Continued, 
Measurement 12 atmo1mheres Bulk densi t;y: 
Habitat type AtriElex nuttallii var nuttallii 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 18 ,1 8 15.24 11.67 11,66 1.473 1.451 1. 633 1.706 
0 2 12.39 13.22 13.46 12. 87 1. 213 1.345 1.376 1.512 
s 3 11.91 12.17 12.35 11.95 1,144 1. 234 1.263 1.281 
i 4 10.75 11.30 11,63 11 .34 1,102 1.240 1.251 1.276 
t 5 12.90 11 .78 11.18 11.21 1.189 1.293 1.492 1.639 
i 6 14.24 12.42 12.56 11,71 1.265 1.295 1. 580 1.716 
0 7 13.43 14.08 13.98 12.52 1.154 1.161 1.491 1.660 
n 8 12.26 13.12 12.58 13.06 1.119 1,119 1.443 1, 606 
Habitat type AtriElex corrugata 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 18,66 15.31 13.36 13. 26 1.382 1.396 1.677 1.749 
0 2 13.20 15.76 15.61 14.42 1, 188 1.337 1.408 1.573 
s 3 12.69 15.23 15.23 14.93 1.119 1.276 1.321 1.296 
i 4 11.68 14.65 14, 81 14. 89 1, 091 1,217 1,284 1.268 
t 5 14.50 16,20 14.71 14.42 1.241 1.271 1.446 1.704 
i 6 15.03 16.53 14.43 14.29 1.311 1.352 1.473 1, 612 
0 7 13.78 17.03 15.34 14.57 1.220 1. 271 1.376 1.538 
n 8 13.72 16.39 15. 89 14,88 1,146 1.182 1.427 1.558 
-">) 
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Table 40. Means of pH, percent salt, electrical conductivity, and sodium measurements around 
erosion control treatments in the AtriElex nuttallii habitat type for spring and summer. 
Measurement H Percent salt 
Season §Erin11; §!:!ring 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 7.66 7.69 7.71 7.65 0.19 0.18 0.14 0.14 
0 2 7.57 7.70 7.71 7.68 0.16 0.16 0.16 0.16 
s 3 7.70 7.94 7.77 7.85 0.14 0.20 0.26 0.28 
i 4 7.72 7.90 7.86 7.74 0.17 0.24 0.24 0.22 
t 5 7.70 7.74 7.91 8.02 0.16 0.16 0.24 0.34 
i 6 7.60 7.76 7.87 7.90 0.18 0.14 0.20 0.27 
0 7 7-73 7.82 7.86 7-97 0.17 0.17 0.19 0.28 
n 8 7.71 7.81 7.88 8.00 0.18 0.20 0.24 0.30 
Season Summer Summer 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 7.60 7.70 7.72 7.76 0.20 0.16 0.14 0.14 
0 2 7.52 7.69 7.74 7.72 0.14 0.13 0.1) 0.13 
s 3 7.62 7.83 7.82 7.81 0.14 0.20 0.21 0.20 
i 4 7.75 7.88 7.84 7.71 0.18 0.20 0.22 0.20 
t 5 7.66 7.71 7.82 7.92 0.14 0.13 0.18 0.27 
i 6 7.52 7.67 7.78 7.87 0.16 0.14 0.19 0.26 
0 7 7.66 7.71 7.74 7.88 0.17 0.20 0.19 0.25 
n 8 7.61 7.67 7.66 7.79 0.16 0.18 0.16 0.24 .., 
...., 
Table 40. Continued. 
Measurement Electrical conductivit~ Sodium 
Season §Bring §Bring 
Depth {em) 0-5 10-20 30-40 50-60 0-5 10-20 30-40 50-60 
p 1 2.41 2.42 2.46 2.77 0.62 0.42 0.)4 0.42 
0 2 2.53 2.85 2.82 3.11 0. 94 2.46 2.15 2.47 
s 3 2.62 4. 73 5. 80 5.76 1.00 12.71 21.66 28.06 
i 4 3.24 5.46 5.50 5.21 2.50 15.39 16.22 16.82 
t 5 2.49 3.12 5.81 9.78 0.77 2.98 12.58 26 .92 
i 6 2.96 2.92 4.55 6. 56 0.76 1.20 6.53 20 .87 
0 7 3.44 3.03 4.00 7.08 5.27 5.42 6.49 15.91 
n 8 3. 07 4.49 5. 05 8.04 8.40 17.00 13.81 20 .50 
Season Summer Summer 
Depth (em) 0-5 10-20 30-40 50-60 0-5 10-20 J0-40 50-60 
p 1 2.58 2.38 2.29 2.66 1.04 0.41 0.44 0. 35 
0 2 2.29 2.27 2.59 2. 70 1.95 0.23 0.48 0. 80 
s 3 2.63 4.53 4.41 4.44 0.84 12. 80 12.75 14.47 
i 4 2.97 4.30 4.95 4.66 1.89 10.93 15.24 13.76 
t 5 2.49 2.54 4.18 6.60 0.82 1.93 5.91 16.51 
i 6 2.54 2.79 3.94 6. 20 1.86 3.33 6.41 20 .80 
0 7 3. 67 3. 68 4.12 5.18 11.12 16.51 12.77 19.81 
n 8 2.86 3.26 3.13 4.85 3.38 8.17 6.52 13.98 
.:;; 
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Table 41, Continued. 
Heasurement Electrical conductiviti Sodium 
Season §Erin!!; §Erin~ 
Deoth (em) 0-5 10-20 30-40 50-60 0- 5 10-20 30-40 50-60 
p 1 2. 44 3. 40 5. 13 7. 24 5.85 1J.37 28 . 31 72.1 6 
0 2 2. 62 4.37 6. 19 7. 00 4. 21 27.1 2 46.97 52.01 
s J 2. 70 7. 09 5.73 5. 68 J .81 54.62 35.20 35. 20 
i 4 2.8J 7.07 6. 08 5.64 5.23 52. 46 37.05 35. 49 
t 5 2.62 3.94 9.74 1J. 53 3. J1 21 .64 66 . 02 144.95 
i 6 2. 70 5. 44 9.45 13. 11 14. 7) 27 . 40 65. 91 138.33 
0 7 4.45 4.04 5. 78 10.10 )8 . 15 28. 93 39. 43 58 . 42 
n 8 2. 72 5.92 6.85 8. 56 26 . 73 21 . 17 54. 43 78 .90 
Season ~.mer Summer 
Depth (em) 0- 5 10- 20 30- 40 50-60 0-5 10-20 30-40 50-60 
p 1 3. 24 3. 35 4. 51 6.05 11 , 48 18 . 13 37. 41 65. 62 
0 2 4. 34 7. 10 7. 60 9.73 20 .93 51 . 04 97.62 123. 32 
s 3 3. 09 8. 02 7. 10 6. 46 7. 20 100 . 43 87 .03 60 . 61 
i 4 3. 10 7. 58 6. 76 6. 27 5.91 67.21 62. 23 72. 41 
t 5 2. 76 5. 46 11 . 16 16.05 8. 25 50 .90 171.48 233 . 55 
i 6 3.14 4.51 9. 26 13. 36 7. 02 28 .98 114.11 190 .68 
0 7 2.94 4.22 6. 66 11.14 8. 15 28 . 30 79 .78 150.16 
n 8 3.00 5. 35 6. 08 10 . 00 6.84 53. 30 69 . 32 122.04 
~ 
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Table 42. Means of soil moisture content (by weight) of newly taken 
soil samples, which were later analyzed for pH, percent 
salt, electrical conductivity, and sodium concentration. 
Habitat type !.. nuttallii A. corru~ata 
Season ~ ~ ~ ~ 
Depth Position Position Depth means means 
0-5 12.86 2.64 18.79 4,4) 9.68 10-20 16.64 8.44 18.87 9.54 1). 37 J0-40 1).68 8. 59 15.09 10. 96 12.08 50-60 12.97 9.57 12.75 10. )9 11.42 11.64 
2 0- 5 12.58 J.J4 10.28 4.20 7.60 10-20 17.09 7. 51 19.68 10.55 1). 71 J0-40 16. 52 9.29 16.15 11.65 1).40 50-60 15.)0 9. 87 1).68 10.23 12. 27 11.74 
J 0-5 8.1) 2.73 8.76 ).56 5.80 10-20 14.41 ) . 04 15.51 4.91 9.47 J0- 40 10.97 4.1 0 11.05 7.4) 8.)9 50-60 10 . 62 4.)0 7. 14 8,26 7.58 7. 81 
4 0-5 6.11 2.)6 4.89 ).24 4.15 10-20 1).99 2.78 15.47 ).59 8.96 J0-40 8.05 ).06 6.88 4.74 5.68 50-60 6.72 ) . 42 6.60 5.91 5.66 6.11 
5 0-5 8.79 2.44 8.9) 2.53 5.67 10- 20 15.37 4. )2 16. 07 5.72 10.37 J0- 40 9.)8 4. 81 9. 91 6.19 ?.57 50-60 ?.26 5.69 8. 45 6. 66 ?.02 ?.66 
6 0-5 11.95 2. 12 12.20 ).60 7.47 10-20 16. 22 5. 31 17.98 ?.73 11.81 J0- 40 13.77 5.75 14.08 8.65 10.56 50-60 11 . 93 6. 28 12.18 8.74 9. 78 9. 90 
7 0-5 10.66 3.11 10.1 7 4.)7 ?.08 10- 20 18.16 4. 00 19.45 7.26 12.22 J0-40 15.27 5.22 15.27 ?.79 10.89 50-60 1). )0 5.62 10.84 8. ) 1 9.52 9.93 
8 0-5 8.50 2.92 8. 41 ).55 5.84 10- 20 16.62 ).2) 18.28 5.88 11.00 J0-40 14.12 5. 2) 15.12 8. 78 10.81 50-60 1).62 6.26 15.42 7. 81 10.78 9.61 
Season means 12.55 4.92 12.95 6.79 
Table 43 . Means of net r adiation during the daytime for 13 soils taken from erosion control 
structures i n t hree areas . 
Position Hours 
on 6 7 8 9 10 11 12 2 4 5 ~ structures 
Atriplex nuttallii 
5 o.o3 0. 07 0. 21 0.30 0. 42 0.50 0. 52 0. 51 0.44 0. 37 0. 19 0.12 - 0. 02 
1 0.02 0. 07 0.21 0. 30 0.43 0. 52 0.53 0. 52 0. 48 0 . )8 0.18 0.08 - 0.01 
4 0. 03 0.08 0.24 0. 33 0. 48 0. 54 0.55 0.53 0. 49 0.40 0.19 0.10 -0.02 
4 0. 05 0.10 0. 23 0. 30 0. 49 0. 54 0.58 0.55 0. 48 0. 38 0. 16 0. 08 - 0.02 
Atriplex cor rugata 
5 0. 02 0. 07 0. 20 0.32 0. 44 0. 50 0.54 0. 50 0.4.5 0. )7 0.18 0.07 -0 . 02 
5 0.0) 0. 07 0. 24 0. )2 o. 46 0. 54 o • .56 0. 54 0. 48 0.)9 0.20 0. 10 -0.01 
1 0.0) 0. 07 0. 22 0. 32 0. 46 o • .56 o • .56 0 • .54 0.47 0.38 0. 20 0.09 -0 . 02 
4 0. 0) 0. 08 0. 2) 0. )6 0.46 o • .56 0.58 o • .56 0. 51 0. 4) 0. 24 0. 11 - 0.02 
4 0. 04 0.09 0. 27 0. )4 0. 53 0. 58 0.62 0 • .59 0. 5) 0.41 0. 22 0. 12 -0 . 02 
Contr ol area 
5 0. 01 0. 05 0. 20 0. 29 0. 39 0. 50 0. 50 0. 48 0. 42 0. 31 0. 18 0.17 - 0. 01 
1 0. 02 o.o6 0. 21 0. 29 0.42 0. 47 0.50 0. 48 0.42 0.32 0. 18 0. 08 -0 . 02 
4 0. 04 0. 09 0. 22 0. 31 0. 46 0. 54 0. 57 0. 54 0. 48 0. 39 0. 21 0. 09 - 0. 02 
4 0.03 0. 07 0. 21 0. 34 0. 46 0. 54 0.55 0. 52 0. 48 0.37 0. 18 0.11 -0 . 02 
""" 
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Table 44. Means of soil surface temperat ure during the daytime for 13 soils taken f rom erosion 
control structures in three areas. 
Position Hours 
on 6 ? 8 9 10 11 12 2 3 5 6 structures 
Atriplex nuttallii 
5 8 12 21 29 35 42 44 46 46 42 37 31 24 
1 8 12 21 29 35 42 44 46 44 43 )8 31 24 
4 8 15 26 36 41 48 50 52 50 48 41 33 24 
4 8 15 27 37 44 51 54 55 52 50 42 33 24 
Atriplex corrugata 
5 8 1) 22 31 36 43 46 47 45 43 37 31 24 
5 8 13 21 30 )6 44 47 48 46 45 39 32 25 
1 8 13 21 30 36 43 46 47 46 44 38 32 25 
4 8 15 26 36 43 50 53 54 51 49 42 33 25 
4 8 16 28 39 45 53 56 58 55 52 45 35 26 
Control area 
5 8 12 20 28 34 41 44 45 43 42 36 30 24 
1 8 12 20 28 33 40 43 44 43 41 36 31 24 
4 8 14 26 36 42 48 51 52 50 48 41 33 25 
4 8 14 24 34 40 47 49 50 48 46 40 32 24 
""' \() 
Table 45 . 
Period 
Aspect 
p 1 
0 2 
s J 
i 4 
t 5 
i 6 
0 7 
n 8 
Period 
Aspect 
p 1 
0 2 
s J 
i 4 
t 5 
i 6 
0 7 
n 8 
Means of evaporation data around erosion control treatments for six periods during the 
summer of 1968 . 
Ma 1 Mal 22 June 12 
North East South West North East South West North East South West 
4. 3 4.6 4. 2 4. 2 4.e 4.8 4. 7 3. 6 5.8 6. 4 4.9 5. 1 
4. 3 4. 2 4.4 4.2 4.9 4.4 3. 7 4.8 5.9 4.9 5. 2 6.0 
4. 5 4. 6 4,6 4. 4 5.0 4.8 4. 2 4. 2 5. 6 5.8 5.6 5.4 
4. 5 4. 5 4. 5 4.5 4. 1 5. 0 4.8 4. 0 6. 0 5. 6 6.0 6. 1 
4.4 4. 2 4.2 4.4 4,8 4. 6 4. 2 4. 3 5.4 5. 4 5.9 5. 7 
4. J 4. 2 4,J 4. 2 4.0 4.6 4. J 4. 2 5.4 5.8 5. 4 6.6 
4.8 4.4 4. 5 4.5 4.0 4.4 4.8 4.6 5. 2 5.J 5. 1 6.4 
4. 2 4.6 4. 5 4. 2 5.0 4. 3 4. 5 5.0 5. 4 5. 2 5. 4 6.2 
Juli 1Z AUe;!!St 28 S~tember 2:2 
North East South West North East South West North East South West 
5. 0 4.6 4.8 4.8 ). 8 2.8 J,4 J. 3 2.9 3. 1 3. 2 4.6 
4.8 5.0 4.5 4.8 2.8 3.8 2.6 J,6 4. 5 3. 2 2. 0 2,4 
5.0 4. 8 5. 4 4.8 ) .9 2.6 2.8 2.6 4. 0 2.0 1.5 J,8 
4. 7 5. 0 4. 9 4. 9 2,6 2. 3 2.8 ). 6 3.0 J .4 J , 2 1. 2 
4. 6 4. 7 4. 9 4.9 2.4 4. 0 ) . 2 ) .6 2.8 J . 5 2. 4 2.4 
4. 7 4.9 4. 8 4.8 J .1 2, 2 2.4 J . 2 ) .6 2.6 1. 5 4. 4 
4. 8 4. 8 4. 6 4. 7 2. 4 3. 1 3. 3 J,4 J,8 4. 2 ) . 2 5. 6 
4.8 4.6 5. 0 4.8 3.1 2.4 J ,6 4.6 1.8 3.5 2. 2 J, 2 
CX> 
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